








CEREAL CHEMISTRY 


Vol. VII September, 1930 No. 5 








THE GLUTEN AND NON-GLUTEN PROTEINS' 
M. J. BLisH 


Department of Agricultural Chemistry, University of Nebraska, 
Lincoln, Nebraska 


(Read at the Convention, May, 1930) 


For more than a quarter of a century, and based upon the 
extensive researches of Osborne (1907) and his associates, the 
nitrogenous matter of wheat flour has been generally regarded as 
constituted by several distinct and well-defined individual proteins. 
It is customary to consider that gluten itself is essentially an inti- 
mate mixture of the two proteins, gliadin, (soluble in dilute alco- 
hol) and glutenin, (soluble in dilute alkali) each supplementing the 
other in such a manner as to provide the peculiar combination of 
physical properties necessary to the production of leavened bread. 
The non-gluten protein material has been believed to consist prin- 
cipally of relatively small amounts, respectively, of an albumin 
called leucosin, and a globulin called edestin, the former being 
soluble in water and the latter in dilute solutions of neutral salts. 

The literature records numerous investigations, including a 
few by the writer, in which Osborne’s characterization and identi- 
fication of these individual proteins have served as the foundation 
for the selection and use of methods for their isolation and quanti- 
tative estimation. Most of these investigations have been under- 
taken in the interests of gaining some insight into the fundamental 
causes for variations in “gluten quality,” so-called. 

Taken in the aggregate, and with few exceptions, these re- 
searches have produced either negative or inconclusive, and some- 
times contradictory results. 

It is not surprising that attempts to establish useful correla- 
tions of baking characteristics or “gluten quality” with the prop- 
erties or distribution of the flour proteins have generally yielded 
uncertain and inconclusive results. A lack of standards for defin- 
ing, measuring and recording “baking quality” itself, in terms of 
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common meaning, has contributed largely to the confusion. A 
further complication, which this discussion is primarily intended 
to emphasize, is the recent accumulation of evidence which appears 
to establish beyond reasonable doubt the fact that Osborne’s char- 
acterization of the wheat proteins has a far more limited signifi- 
cance than has generally been appreciated. 

It is indeed difficult to draw positive conclusions or even to 
formulate definite opinions based upon the numerous reports of 
investigations dealing with the flour proteins that are scattered 
throughout the literature. It is possible to present volumes of evi- 
dence both for and against almost any viewpoint that one might 
wish to assume as to the character, identity and distribution of 
the components that make up the nitrogenous portion of the 
wheat kernel, assuming that separate and distinct components 
actually exist as such in the wheat endosperm. It is quite possible, 
of course, to assume that the protein of the wheat endosperm is 
after all nothing more nor less than a heterogeneous mass, and that 
the so-called “individual” proteins do not exist in the flour as such, 
but merely reflect the action of certain specified reagents upon the 
whole substance. 

There is some available evidence in strong support of the lat- 
ter viewpoint. Gortner, Hoffman and Sinclair (1929), and Hoff- 
man and Gortner (1927) have shown that both the quantity and 
composition of flour protein extracted by salt solutions will vary 
enormously with the kind of salt, with the concentration of the 
salt, and with the flour itself. They are to some extent justified 
in their conclusion that “the salt-soluble protein fraction does not 
represent a mixture of albumin and globulin nor does it represent 
the non-gluten proteins.” The method customarily used by cereal 
chemists for estimating the “non-gluten” or “salt-soluble” proteins 
in wheat flour specifies extraction with 5% K2SO,4. This procedure 
is doubtless as suitable for its intended purpose as any that might 
be selected. It must, however, be regarded merely as an arbitrary 
method whereby comparative values, only, may be obtained. 

Some years ago the writer was requested by the Association 
of Official Agricultural Chemists to serve as referee on the deter- 
mination of glutenin in wheat flour. The request was granted, and 
work was undertaken in the belief that glutenin is indeed as well- 
characterized a chemical individual as would appear from Os- 
borne’s investigations. The sole and immediate object of the work 
as referee on glutenin was to devise an “official” method for its 
quantitative estimation. 
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Two “quantitative” methods were eventually devised and pub- 
lished. One has been generally designated as the Blish and Sand- 
stedt method (1925) and the other, developed by Blish, Abbott and 
Platenius (1927), as the “Barium Hydroxide” method. As a cri- 
terion for the reliability of these methods, the procedure of Sharp 
and Gortner (1923) was used, since the latter, although indirect and 
laborious, must be regarded as fairly accurate and reliable if Os- 
borne’s classification and characterization is accepted. The three 
methods have usually been found to give reasonably concordant 
results when applied to normal wheat flour, although Geddes 
(1930) has very recently shown that such is not the case after 
flour has been subjected to prolonged heat treatment. The close 
agreement that has usually been found by various workers, where 
specifications were strictly followed, is doubtless due to compen- 
sating factors that at present defy explanation. 

Osborne’s characterization of glutenin is based upon his studies 
with a product extracted from wheat flour or gluten by dilute 
alkali, following the preliminary removal of the other proteins 
by salt solution and 70% alcohol, respectively. When the filtered 
alkaline extract is neutralized with acid, a voluminous precipitate 
is obtained. Osborne called this substance “glutenin” and was in- 
clined to the belief that it represented a chemical entity of definite 
individuality. He apparently. did not feel that the constitution of 
flour proteins is seriously altered by temporary solution in dilute 
alkali during extraction and purification. 

Later studies by Blish (1916), Cross and Swain (1924), and 
Blish and Pinckney (1924) indicated a striking similarity, if not the 
actual identity, of glutenins prepared from different flours. Cson- 
ka and Jones (1927), by salting out the glutenin from alkaline ex- 
trects with ammonium sulfate, rather than precipitating by neu- 
tralization of the alkali, obtained two “fractions,” coming down 
at different salt concentrations, and they postulated the presence 
in wheat of two glutelins, which they designated, respectively, as 
a and £ glutelins. 

Blish (1926) in studying the precipitation of glutenin from 
solution in alkaline methyl alcohol, found that the quantity preci- 
pitated varied inversely with the strength of alkali used as the dis- 
persing and extracting agent. This, together with an observation 
of a noticeable disagreement among Van Slyke analyses of glute- 
nins prepared in different laboratories, and by different workers, 
led Blish and Sandstedt (1929) to investigate the chemical consti- 
tution of a number of glutenin preparations in which the strength 
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of the dispersing alkali was the sole variable. Using the Van Slyke 
method for protein analysis they found consistent and very de- 
cided differences among the chemical compositions of the prepara- 
tions according to variations in concentration of NaOH used 
for their extraction. Different lengths and degrees of exposure to 
alkali of the same strength will also produce glutenins of varying 
chemical constitution. 

Blish and Sandstedt (1929) have definitely shown that “glute- 
nin as prepared by customary methods involving extraction with 
or temporary solution in alkali, is a product resulting from an ir- 
reversible alteration by the action of alkali on a more complex pro- 
tein body. Both yield and chemical constitution of glutenin pre- 
pared by the usual methods will vary with the concentration of 
alkali. It is probable that some irreversible alteration occurs when 
any protein material is dispersed in alkaline solution, regardless of 
the concentration of alkali.” 

Since it is now reasonably certain that “glutenin” as prepared 
and described by Osborne, is not a definite and well-characterized 
chemical individual, and since an analogous situation exists in re- 
gard to wheat “globulin,” there is obviously occasion for further 
intensive investigation of the nature of the wheat protein or pro- 
teins in general, and of the constitution of “glutenin” in particular. 

The difficulties in establishing the individuality of a protein are 
great, as no one has appreciated better than Osborne, himself. It is 
only when different and successive “fractions” of a protein show 
the same composition, or when a protein of definite and constant 
composition can be isolated by different methods that one has any 
basis for the assumption that he is dealing with a distinct chemical 
individual or group of chemical individuals. From this viewpoint 
gliadin is the only wheat protein that can at present lay any claim 
to a definite and established individuality. It shows a reasonable 
constancy of composition when prepared by different workers, and 
by various methods of isolation, although Tague (1925) found 
variations in solubility according to slight differences in methods 
of preparation. 

Gliadin_ occurs in most flours to the extent of about 50% of 
the total protein, and its ratio to total protein is fairly constant for 
different flours, judging from the data of Grewe and Bailey (1927). 
It probably constitutes ordinarily from 55 to 60% of the total pro- 
tein or crude gluten. As to the actual number, chemical identity 
and distribution of the other nitrogenous component or compo- 


nents, there is occasion for serious doubt and uncertainty. Many 
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individual non-gliadin protein preparations have been made in the 
writer’s laboratory, in which the use of alkali has been avoided, 
and in which dilute acetic acid in alcohol has been the initial dis- 
persing agent. From such dispersions “glutenin fractions” may 
be coagulated by neutralization or by the addition of salts. Omit- 
ting details here, it has been found by submitting all preparations 
to partial Van Slyke analysis that there is considerable variation 
in composition, as well as in amount, of protein precipitated ac- 
cording to variations among factors such as pH, temperature, time, 
kind of salt, amount of salt, and concentration of protein in solu- 
tion. In some cases, it has been possible to isolate a “glutenin” of 
uniform and constant composition by different methods of proced- 
ure. One may not yet say with any certainty, however, that this is 
an individual protein of definite character and composition, It is 
certainly a protein of greater molecular size and complexity than 
“glutenin” as customarily prepared from alkaline extracts of flour 
according to the conventional procedure, and may be regarded as 
having undergone far less alteration during isolation. There is good 
evidence of the presence of at least two gluten proteins aside from 
gliadin. The work is being continued in the hope of eventually 
reaching definite and positive conclusions. 

Some studies by the writer (1916) show positively that there 
are decided and consistent differences among flours as to the 
chemical constitution of their protein substance, even though these 
differences did not appear in the gliadins and “glutenins” prepared, 
respectively, from them. Some of the data then obtained may be 
appropriately reproduced here, for purposes of the present dis- 
cussion, and these data are shown in Table I which follows. 

Eight flours of widely varying origin, protein content and bak- 


TABLE I. 


AMMONIA N Arrer Hyprotysts or Enrire Frour, as Corretarep with PERCENTAGES 
or Tora ANp Sorusie N, Respeecrivecy 








Per Cent of the Total N as— 








at ape - Water soluble Ammonia N after 
No. % . 
(tap water) Hydrolysis 
445 1.26 29.0 18.2 
444 2.55 15.7 23.0 
440 2.17 18.2 21.5 
439 1.93 18.7 21.0 
401 2.09 18.9 20.8 
452 1.92 19.6 19.9 
441 2.13 20.4 21.0 
438 1.67 26.9 18.8 
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ing characteristics were used in this study. In each case a portion 
of the entire flour was submitted to complete acid hydrolysis. The 
percentages of total nitrogen liberated as ammonia N by hydroly- 
sis varied from 18.2 to 23.00. Now the non-gluten proteins are 
known to yield much less ammonia N on hydrolysis than the gluten 
proteins. Therefore the lower values for total ammonia N were 
considered as indicating larger ratios of non-gluten protein in the 
flours under consideration. This idea was confirmed by estimating 
in each flour the percentage of total nitrogen soluble in tap water, 
when it was found that the percent of soluble N was inversely pro- 
portional to the total ammonia N after hydrolysis, as would be ex- 
pected. The flour showing 18.2% of ammonia N after hydrolysis 
contained 29% soluble N, and the one showing 23% ammonia N 
had only 15.7% of its total N extracted by tap water. This surely 
indicates that flours vary considerably in their respective ratios 
of gluten to non-gluten protein. 

It is of special interest to note that in this series of flours the 
samples containing the larger percentages of total protein tend to 
show correspondingly the smaller percentages of “soluble” or 
“non-gluten” protein, and vice versa. If it is in general true that 
flours of comparatively high total nitrogen or protein content also 
show a tendency to contain correspondingly greater percentages of 
that protein in the form of gluten, then the determination of total 
flour protein acquires added significance and importance. 


Summary and Conclusicns 


1. Flours vary considerably, not only in amount of protein 
but in the composition of protein. 

2. Differences in composition are probably due to variations 
in the distribution of the individual proteins and to the varying 
proportions in which they occur. The ratio of non-gluten to gluten 
protein appears to be the chief basis of variation. 

3. Of the several individual proteins occuring in wheat flour, 
gliadin is the only one whose chemical individuality has been es- 
tablished with any degree of certainty. Its ratio to the total pro- 
tein appears to be fairly constant in most flours. 

4. Aside from gliadin, there are probably several other pro- 
teins, as suggested by the work of Osborne. However, there is 
strong evidence for the belief that these proteins have not yet 


been reliably identified or characterized. 
5. Trustworthy and dependable methods for the identifica- 
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tion and quantitative separation of individual flour proteins other 
than gliadin are not available. It is possible to demonstrate strong 
tendencies toward certain types of chemical constitution and prop- 
erties, but beyond this the evidence is uncertain and indefinite. 
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STUDIES ON THE QUALITIES OF COMBINED WHEATS AS 
AFFECTED BY TYPE OF BIN, MOISTURE AND 
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(Read at the Convention, May, 1930) 


Probably one-half the wheat in the Southwest is now har- 
vested by means of the combine. How to store this wheat so it 
will keep sound and free from damage until it is milled into flour 
is a problem at the present time under investigation by the de- 
partments of Agricultural Engineering, Agricultural Economics, 
and Milling Industry at Kansas State Agricultural College. These 
storage experiments were made at the Fort Hays Branch Experi- 
ment Station, Hays, Kansas. Assistance was given by certain bin 
manufacturers and by the Hays Experiment Station. The milling, 
baking, and some chemical tests were made at the Department of 
Milling Industry. The judging of the wheat for market grade and 
damage was done by Mr. O. F. Phillips at the Grain Inspection 
Laboratory, Chicago. The tests for rancidity were made by Dr. 
D. A. Coleman, Bureau of Agricultural Economics, Washington, 
D. C., and the germination tests were made at the seed laboratory 
of the Bureau of Plant Industry, Washington, D. C. 

Eleven bins, each of approximately 500 bushels capacity, were 
erected on the grounds of the Fort Hays Station. The materials 
for these bins were lent by companies interested in the manu- 
facture of grain bins. Each bin was given a number and in this re- 
port will be designated only by number. The following is a list of 
the bins and a description of each one: 

Bin 1. Concrete stave, similar to silo construction, placed on 
concrete foundation and floor; outside surface waterproofed. 

Bin 2. Same as No. 1 except that both outside and inside 
surfaces of wall were waterproofed. 

Bin 3. Square, constructed of concrete boards, making a wall 
5” thick filled with horizontal air spaces; foundation and floor 
made of eoncrete. 

Bin 4. Wooden bin, with lumber both inside and outside of the 
2 x 6” studs. Inside walls and roof lined with 4” 

sin 5. Wooden bin similar in construction to No. 4, but with 


celotex boards. 


the celotex omitted. 
Bins 6 and 7. Circular steel bins with ventilated side walls. and 


' Contribution No. 39, Department of Milling Industry. 
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large central flue with suction cupola on top. These bins were set 
on wooden floors. 

Bins 8 and 9. Circular steel bins with tight side walls, metal 
floor and roof. 

Bin 10. Circular steel bin with tight side walls, steel floor and 
roof, small central ventilator of steel. 

Bin 11. Circular steel bin with slight ventilation in the side 
walls, steel floor and roof. 

It should be noted that the construction of bins No. 6 and 7 
afforded the most ventilation through the floors, walls and central 
cupola; bins No. 10 and 11 had slight ventilation, while in the 
others no particular provision for ventilation was made in the bin 
coustruction. In several of these bins an attempt was made to 
assist ventilation by means of perforated metal spouts, and spouts 
made of wood and screen wire. 

These bins were erected in two groups. Bins 1, 2, 9, 10, and 
11 constituted one group so arranged that the wheat could be 
unloaded from the truck and spouted to any desired bin by means 
of a blower elevator. This same elevator was used later in moving 
the wheat from one bin to another. Bins 3, 4, 5, 6, 7 and 8 made 
the second group so arranged that the wheat could be spouted to 
any bin desired by means of a tubular farm elevator, which was 
also used later in transferring the wheat from one bin to another, 
and later to the elevator. 


Temperature and meteorological studies.—l rom three to six 
thermometers of the electrical resistance type were installed in 
each bin, except 1 and 8, and so arranged that the temperature of 
the wheat could be read from central points. At the beginning, 
temperatures were read three times a day, but later it was found 
that once a day was sufficient. Temperatures in the sun outside 
the bins were also recorded. Information on wind velocity and 
direction, rainfall, humidity, and air temperature was available 
from the office of dry land agriculture located nearby. 

The meteorological data are given in Table I. 


Observation of Moisture Content of Wheat as it Ripens and 
During Harvesting 
Wheat ripe enough to cut with the harvester binder has usu- 
ally a large amount of moisture. Some wheat was windrowed on 
June 25 when about as green as any one would ordinarily cut with 
a binder. A hand-threshed sample of this wheat contained 36% 
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moisture. The next day a similarly threshed sample gave 23.8%, 
while a larger sample threshed by an experimental threshing ma- 
chine gave 28%. On June 29 this wheat appeared thoroughly dry, 
and the moisture content was 11.2%. This was very much shriv- 


TABLE I 


Mereorotocicat Data Fort Hays Exreriment Station Durinc Periop or 
Wuear Srorace Exreriment 


July 1 to September 30, 1929 














Relative Humidity Temperature 
Rainfall Per Cent of Satura- Wind Velocity Noon Temperature 
Day of Inches tion Ave. of Ave. Miles per in Sun at Bins 
Month Per Day Three Readings Hr. at Noon Deg. C 
July Aug. Sept. July Aug. Sept. July Aug. Sept. July Aug. Sept. 
1 48 32 42 24 12 15 32 44 38 
2 39 45 35 18 11 12 30 47 34 
3 T .09 26 52 51 10 17 23 34 32 20 
t .03 24 41 71 18 13 22 35 45 28 
5 .08 49 47 67 8 14 18 33 27 25 
6 12 32 04 50 76 60 8 21 6 35 28 24 
7 -O1 AT 72 70 74 9 14 11 25 24 21 
8 12 -O1 .38 72 89 69 22 12 9 25 24 26 
9 12 AT .85 69 86 56 23 14 8 21 2 24 
10 1.48 80 85 55 8 10 12 27 26 28 
11 3.20 01 I 61 62 54 17 4 7 36 32 30 
12 .68 52 59 67 20 4 10 40 38 27 
13 49 43 52 23 5 12 40 33 30 
14 47 45 51 12 8 14 42 31 27 
15 55 46 45 10 14 12 44 35 26 
16 74 38 62 14 7 37 40 31 
17 13 64 39 43 9 17 35 35 21 
18 1.47 69 63 63 14 12 33 36 19 
19 .05 7 59 51 77 10 12 31 34 18 
20 65 29 80 9 13 40 47 17 
21 59 33 38 16 10 35 40 26 
22 3 56 45 36 14 14 38 37 25 
23 ll 69 40 48 11 14 36 39 27 
24 1.79 84 39 52 10 8 24 40 28 
25 .03 59 50 50 8 17 35 26 
26 .07 .93 56 86 49 10 15 36 22 25 
27 AT T 51 70 14 7 37 38 26 
28 I .03 53 77 15 5 31 82 
29 61 66 10 6 37 30 
30 63 36 7 4 43 30 
31 31 42 10 15 43 36 





eled. Wheat from another field had 28% moisture when win- 
drowed. In the afternoon of the next day it had 21.2%. In an- 
other field which was being windrowed on June 26, the moisture 
content was 20.3%. 

Under some conditions the wheat does not dry very rapidly 
after being windrowed. A sample taken from the field before win- 
drowing June 27, had 22% moisture; the next morning a sample 
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taken from the windrow had 20.2%. Another sample after wheat 
had lain in the windrow two nights and one day had 19.4% mois- 
ture. When this wheat was picked up and threshed, three loads 
had the following moistures: 15.8, 18.0 and 14.6%, respectively. 

Wheat in the windrow dries out rapidly during the day if the 
sun shines and there is a breeze. In a series of tests made during 
June 28 the following moistures were obtained: 16.4, 15.4, 13.6, 
12.2 and 10.2%. The last sample was taken at 2: 30 p. m. 


The Harvest 


The harvest began on June 28 when wheat which had been 
windrowed was picked up and threshed. The weather was hot and 
windy and, as has already been noted, the wheat dried very rapidly. 
For these reasons very little damp wheat was secured from that 
which was windrowed. Another combine was started on a field of 
standing grain which was still green in the low places. Some high- 
moisture wheat was secured from this field, but the threshing was 
not satisfactory. The machine would not handle both the green 
wheat on the low land and the ripe wheat on the higher land in 
a satisfactory manner. Bins 2, 9 and 11 were filled with this mix- 
ture of green and ripe wheat, which proved most difficult to store 
without damage. 


Moving the Grain 


The wheat was moved from one bin to another whenever it 
reached a temperature which was considered dangerous. One bin 
was always kept empty and in reserve for this purpose. Just what 
constitutes a dangerous temperature has not been definitely estab- 
lished. It no doubt depends on several conditions. In these experi- 
ments it was assumed that 45°C. was dangerous, and whenever the 
wheat reached this temperature it was moved and thus cooled. 
The blower elevator was the more effective in cooling, but the 
amount of cooling also depended on the outdoor temperature. 
Wheat moved on hot days was cooled very little, while on cool 
days a very decided cooling was effected. 


Observations and Tests on the Wheat in the Different Bins 


Samples were taken for moisture determinations at the time 
the bins were filled and whenever the wheat was moved. At the 
same time five to ten pound samples for quality studies were 
taken and placed in cloth sacks. Those taken at the time the bin 
was filled were buried in the wheat, and whenever the wheat was 
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moved these samples were transferred and again buried in the 
wheat. Thus these samples were subjected to as nearly as pos- 
sible the same conditions as the rest of.the wheat in the bin 
throughout the whole experiment. Also, when the wheat was 
moved, additional samples for quality studies were taken to repre- 
sent the condition of the wheat at the time of moving. These 
were placed where they had free access to the outside air. These 
samples then represented the changes which had taken place in 
the wheat from the time of binning to the time of moving. The 
wheat in bins 1, 4, 5, 6, and 7 was not moved until the end of the 
storage period. In the others there were several moves, and at 
each moving of the wheat samples were taken. The results of the 
tests made on these samples have been assembled in Tables II to X. 


Judging the Grain 


At the end of the storage period, half-pound portions were taken 
from all the sack samples, placed in small cloth sacks and sent to 
the General Field Headquarters of the Federal Grain Supervision 
at Chicago. Here the samples were judged for market damage 
under the direction of Mr. O. F. Phillips, Chairman of the Board 
of Review. The wheat had been in the cloth sacks for a consider- 
able time when the odor factor was judged. This probably had per- 
mitted some of the odors to disappear, and explains why some 
samples were graded sound when other tests showed that consider- 
able fermentation had taken place. At the same time, the oppor- 
tunity for the disappearance of odors had not been better than 
when such damaged wheat is passed over cleaning machines, and 
it shows how it may be possible to treat wheat which has suf- 
fered damage so that such damage will not be detected in grading. 


Rancidity and Germination Tests 


The samples used for judging the grain were sent to Dr. D. 
A. Coleman, Bureau of Agricultural Economics, Washington, D. C. 
Here they were tested for rancidity, and then sent to the seed lab- 
oratory of the Bureau of Plant Industry where they were tested 
for viability. The figures for rancidity denote the number of mil- 
ligrams of free fatty acids per gram of fat. 


Observations on the Wheat in the Different Bins 


Bin 1.—Concrete Stave. Waterproofed Outside. The first 
wheat placed in this bin had been threshed and then dried in sacks. 
It was dry, containing about 12% moisture. The rest of the bin 
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was filled with combined wheat which had about 13% moisture. 
The grain in this bin kept in perfect condition. At the junction 
of the wall and floor there was a small amount of mouldy wheat, 
represented by sample 14849. This was the only sample from this 
bin that graded damaged. Its percentage of germination was 0, 
the rancidity high, test weight low and baking qualities poor. 

The data obtained on the wheat from bin 1 are found in Table 
II. The tests showed that none of the wheat had suffered any 
damage except as noted above. 


Bin 2.—Concrete Stave. Waterproofed Inside and Out. This 
bin was filled July 3 with the dampest wheat received during the 
harvest. It was a mixture of green berries, too green to thresh 
properly, and very dry grain from the higher parts of the field. 
The average of all moisture determinations made on the wheat 
that went into this bin was 16.2%, and one load had 18.6% mois- 
ture. The temperature of the wheat was around 40°C. when it was 
put in, and it began to heat almost immediately. In five days it had 
reached 50°C. in one part of the bin. This wheat was moved with 
a blower elevator July 8 into a steel bin and then returned to No. 
2. The moving cooled it to 32°C., from which point it gradually 
increased to 48°C. in twenty days. 

The entire contents of this bin was in a critical condition, and 
would undoubtedly have been a total loss if left undisturbed. It 
was caked so hard that it would stand up vertically in the bin and 
had an odor resembling that of silage. The wheat within eight 
inches of the outside wall was cool and apparently much wetter 
than that nearer the center. This apparent wetness must have 
resulted from condensation of the respiration moisture from the 
wheat in the center of the bin. 

This wheat was moved five more times during the summer, 
and occupied successively bins No. 11, 8, 3, 10 and 11 for varying 
lengths of time. By the six movings the moisture was reduced to 
an average of 14% on September 28 when it was moved to the 
elevator. 

The data secured on the samples from bin 2 are given in Table 
III. The three samples taken at the time of filling and which had 
remained with the wheat throughout the entire period graded 
slightly sour odor. Unfortunately no samples were taken at the 
first moving. Three of the four samples taken at the second mov- 
ing July 29, graded no damage, while one graded slightly sour 
odor. Some of the samples taken at subsequent movings graded no 
damage, others indeterminate, and some slightly sour odor. 
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All the wheat was dead with the exception of two samples, 
taken at the second moving, and in these the germination was very 
low. The rancidity figures were also high in all the samples, the 
highest being in the samples taken when the wheat was moved 
to the elevator. The least rancidity was in two of the samples 
taken when the wheat was moved the second time. The question 
has been raised whether the wheat in these sample sacks suffered 
more damage than the wheat in the bulk. The figures for rancidity 
are not so high as for the samples taken at the last moving, but 
the baking tests show that these samples had been damaged the 
most. According to the baking test every sample from this bin had 
suffered damage, some more than others, but those taken at the 
second moving had suffered the least, as would be expected. 


Bin 3.—Square Concrete. This bin was filled in the bottom 
with some wheat which averaged 10.2% moisture, and this was 
followed by wheat which had nearly 15% moisture. Then some 
dry wheat was put in on top. The wheat was very warm when 
placed in the bin, and that part of the bin which contained the high- 
er moisture wheat showed an increase for a while and then re- 
mained constant. Samples taken by probe did not reveal any dan- 
gerous conditions, but it was thought best to move the wheat on 
August 7. The moving cooled the wheat from 45°C. to 36°C. After 
moving the wheat the temperature went up beyond what it was be- 
fore moving, and by August 30 the temperature was again 45°C. It 
was moved again September 2, and then taken to the elevator Sep- 
tember 20. 

The data obtained on the wheat in this bin are found in Table 
IV. Only one milling sample taken at the time the wheat was 
moved to the elevator graded “odor indeterminate.” The moisture 
ranged between 14 and 15% at the time of the last moving of the 
wheat. The two high-moisture milling samples taken at the time 
of binning, which remained with the wheat the entire period, gave 
zero germination, and almost similar results were obtained from 
the two samples taken when the wheat was moved to the elevator. 
The highest germination was obtained in the two samples taken 
at the first moving. 

Only two samples had undergone no fermentation as shown 
by the rancidity tests: one taken from the driest wheat at the 
time of filling, and one taken near the top at the time of the sec- 
ond moving. The rancidity figures are, however, as a rule, much 
lower than obtained on the wheat from bin No. 2. The baking tests 
also showed much better results. On the whole it cannot be said 
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that wheat in bin No. 3 had suffered any damage which would 
seriously lower its milling and baking value. The low germination 
and the fairly high rancidity in some of the samples showed that 
this wheat had in part suffered some deterioration. As considerable 
15% moisture wheat went into this bin, and as the temperature in- 
creased to 45°C. on two occasions, some deterioration would be 
expected. 


Bin 4.—Wooden Bin. Celotex Lined. The moisture content of 
the wheat which went into bin 4 ranged from 16.4 to 12.2%, most 
of it near the latter figure. The temperature of the wheat as it 
was put into the bin was near 36°C. It lowered to 34°C. the first 
part of August, then rose to 38°C. by September 5. When moved 
to the elevator it had a temperature of 33°C. 

The data obtained on the samples from bin 4 are found in 
Table V. All the samples from this bin graded “no damage,” and 
except for one sample, the rancidity tests were low. The baking 
results also did not indicate any damage. The sample having 
15.4% moisture at the time of binning had zero germination, and 
the highest rancidity. While part of the wheat put in bin 4 had 
as high moisture as some of the wheat put in bin 3, the moisture 
content was lower in the greater portion. The other important 
factor contributing to the better results in bin 4 was the low ini- 
tial temperature, which was considerably lower than for bin 3. 





Bin 5.—Wooden Bin. Ordinary Construction. The wheat put 
in this bin ranged in moisture content from 11.6 to 13.2%. The 
temperature of the wheat at the beginning was near 45°C, but 
there was a steady decline in temperature of the wheat in this bin. 
In August it ranged from 35 to 30°, and on September 25 it had 
gone down to 25°C. 

The data obtained on the samples from this bin are found in 
Table VI. All samples graded “no damage.” The rancidity figures 
for all the samples were that of wheat which had in no way under- 
gone fermentation. The baking tests also showed that the wheat 
was sound. 


Bin 6.—Ventilated Steel. The first wheat harvested by the 
pick-up method from windrowed wheat was stored in this bin. 
It averaged 16% moisture, including one load which contained 
18%. The maximum temperature of this wheat was about 35°C. 
at the beginning of the storage period, and showed a gradual de- 
cline to 25°C. and less towards the close. The fact that this wheat 
went in at a comparatively low temperature was to its advantage. 








436 STUDIES ON COMBINED WHEATS Vol. 7 


The data obtained on the wheat in this bin are found in Table 
VII. Two of the samples taken at the time of binning graded 
slightly sour odor. These two had 15.2 and 18% of moisture re- 
spectively when placed in the bin. These two also gave high ran- 
cidity figures and were low in baking value. The figures for ger- 
mination were comparatively high except for three samples, two 
of which were taken when the wheat was moved to the elevator. 
It should be noted that the moisture content in three of the sam- 
ples taken when the wheat was moved to the elevator was high, 
yet on the whole the wheat kept very well in this bin. No sample 
showed any great damage in the baking test. The samples with 
fairly high rancidity gave smaller loaf volumes than the rest. 


Bin 7.—Ventilated Steel. The wheat placed in this bin was not 
quite so damp as that in bin 6. The temperature of the wheat when 
binned was near 35°C., but soon declined to 30°C., at which it re- 
mained until near the end of the period, when it declined to 23°C. 
The data obtained on the wheat in this bin are found in Table 
VIII. The changes occurring in this bin were even less than those 
in bin No. 6. All samples showed high baking qualities. 


Bin 9.—Tight Walled Steel. Wheat with an average moisture 
content of 15.4% was placed in this bin on July 4, a very hot day. 
Some loads apparently had a considerable higher moisture. The 
temperature of the wheat was 45°C. After five days it was moved, 
not because the temperature showed any increase, but because the 
odor indicated that it was spoiling. The wheat was badly caked 
and smelled like silage. The moving lowered the temperature to 
36°C. It was moved a total of five times during the storage period, 
and at each moving its temperature was lowered. The highest 
temperature of 49°C. was reached on July 29. After the moving on 
August 19, the temperature was lowered from 45°C. to 35°C. After 
this it rose gradually to 42°C. on September 6, when it began to 
fall, reaching 29°C. when the wheat was moved to the elevator on 
September 27. 

The data obtained on the wheat in bin 9 are given in Table 
IX. The moisture content in bin 9 was not on the whole greater 
than that of the wheat placed in birs 6 and 7, but the temperature 
was much higher at the time of binning. Furthermore, bin 9 was 
not as well ventilated as bins 6 and 7. It must be admitted that 
the high temperature of the wheat when placed in bin 9 was a dis- 
advantage, and the results were not altogether due to the bin con- 
struction. The wheat was not quite as damp as that put into bin 2, 
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but it was at somewhat higher temperature. In germination, ran- 
cidity and baking tests the wheat from bin 9 was quite similar to 
that from bin 2. The wheat was practically all dead, the rancidity, 
except one sample, very high, the baking tests except in a few 
cases showed poor results. 

Bin 11.—Steel Bin With Slight Wall Ventilation. This bin was 
filled with damp wheat made up of green and ripe kernels similar 
to that placed in bin 2. The average moisture coatent was 15.6%, 
the highest 16.3% and the lowest 14.0%. The wheat was fairly 
cool: 36°C. at the time of binning (July 1). It increased slightly 
the next few days, after which the temperature went down. The 
hot weather in the middle of July seemed to start the heating, 
the temperature reading 48°C. on July 20 when the wheat was 
moved. The temperature rose steadily again, reading 49°C. on 
August 5 when the wheat was moved again. The temperature was 
lowered only 7° by this moving, but it remained fairly constant un- 
til August 18, when there was a rapid rise reaching 43°C. August 
23 when the wheat was moved again. This moving cooled it to 
36°C. After this there was only a slight increase and when finally 
moved to the elevator the temperature was 37°C. 

The data obtained on the wheat in this bin are found in Table 
X. The wheat was dead in most of the samples, and the rancidity 
was high except in three samples. In these two respects the wheat 
was quite similar to that in bins 2 and 9, but the baking results 
indicated somewhat less damage, showing that the wheat in bin 
11 had not suffered so much damage on the whole as that in bins 
2 and 9. It had the advantage of having been binned at a somewhat 
lower temperature, and the bin had some wall ventilation. 


Ventilation Flues 


Several types of ventilation flues were tried in the bins of 
damp wheat as a means of preventing damage. These were placed 
vertically in the wheat and allowed to extend above the wheat in 
the bin. As far as could be observed these flues were of no value. 
They seemed to be more harmful than beneficial, since there was 
usually an area of excessively damp wheat around these ventilators. 
The same was true of the small central ventilators furnished with 
sume of the steel bins. Around these small central flues there was 
always an area of grain wetter than anywhere else in the bin. 
Such damp wheat became moulded when the wheat was left un- 
disturbed for some time. This condition of dampness was not ob- 
served with the larger central flues of bins 6 and 7. 
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Effectiveness of Moving Wheat 


Moving wheat to prevent serious or total damage seems to 
be quite effective. Undoubtedly the weather conditions have a 
large influence upon the results obtained. If the wheat is caked, 
the moving breaks up this condition and permits better air circu- 
lation. Hot pockets are broken up and redistributed. Mouldy spots 
and damp areas in them are mixed with the drier wheat and the 
harmful effects minimized. 

The cooling effect depends upon the outside air temperature 
and temperature of wheat. Based upon the movement of 16 bins 
of wheat, it appears that the wheat can be cooled two-thirds of the 
difference between the wheat temperature and the outside air 
temperature. The temperature of the contents of one bin moved 
on a hot day was lowered only two degrees. 

The drying effect of moving is more difficult to measure. 
Moisture samples show considerable variation and since the num- 
ber of samples was inadequate, an absolute record of moisture 
content was not secured. There seems to be no definite relation 
of moisture reduction to the moving of wheat which can be stated 
from the results obtained. The wheat was undoubtedly dried some- 
what by each movement. Six movements reduced the moisture 
of the wheat in bin No. 2 over 2%. If wheat were moved in a com- 
pletely saturated atmosphere it might take on additional moisture. 
But the relative humidities are comparatively low in the wheat 
belt during the harvest season and it seems fairly certain that any 
moving, especially with a blower elevator, would reduce the mois- 
ture content. 


Relation of Moisture Content to Rancidity 


As a rule the lower the moisture content of the wheat, the 
less the rancidity. High rancidity generally developed when the 
moisture content was 15% and above. Rancidity seems also to 
result from heating. For the same moisture content, not so high 
rancidity developed in bins 6 and 7 as in 2, 9 and 11. With high 
rancidity was also associated poor baking results ; however, a com- 
paratively small amount of rancidity may not injure baking quali- 
ties. Notably higher ash flour was obtained from wheat in bins 
2, 9 and 11 in which the most heating took place, and where the 
highest rancidity was developed. 
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Effectiveness of Moving Wheet 


Moving wheat to prevent serious or total damage seems to 
be quite effective. Undoubtedly the weather conditions have a 
large influence upon the results obtained. If the wheat is caked, 
the moving breaks up this condition and permits better air circu- 
lation. Hot pockets are broken up and redistributed. Mouldy spots 
and damp areas in them are mixed with the drier wheat and the 
harmful effects minimized. 

The cooling effect depends upon the outside air temperature 
and temperature of wheat. Based upon the movement of 16 bins 
of wheat, it appears that the wheat can be cooled two-thirds of the 
difference between the wheat temperature and the outside air 
temperature. The temperature of the contents of one bin moved 
on a hot day was lowered only two degrees. 

The drying effect of moving is more difficult to measure. 
Moisture samples show considerable variation and since the num- 
ber of samples was inadequate, an absolute record of moisture 
content was not secured. There seems to be no definite relation 
of moisture reduction to the moving of wheat which can be stated 
from the results obtained. The wheat was undoubtedly dried some- 
what by each movement. Six movements reduced the moisture 
of the wheat in bin No. 2 over 2%. If wheat were moved in a com- 
pletely saturated atmosphere it might take on additional moisture. 
But the relative humidities are comparatively low in the wheat 
belt during the harvest season and it seems fairly certain that any 
moving, especially with a blower elevator, would reduce the mois- 
ture content. 


Relation of Moisture Content to Rancidity 


As a rule the lower the moisture content of the wheat, the 
less the rancidity. High rancidity generally developed when the 
moisture content was 15% and above. Rancidity ‘seems also to 
result from heating. For the same moisture content, not so high 
rancidity developed in bins 6 and 7 as in 2, 9 and 11. With high 
rancidity was also associated poor baking results ; however, a com- 
paratively small amount of rancidity may not injure baking quali- 
ties. Notably higher ash flour was obtained from wheat in bins 
2, 9 and 11 in which the most heating took place, and where the 
highest rancidity was developed. 
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Variation in the Wheat 

One object of this experiment was to compare different bins 
as to their effectiveness in storing combined wheat. For such com- 
parison all the bins should have been filled with the same kind of 
wheat. In the first place the wheat was harvested by two differ- 
ent methods. Bins 3, 4 and 6 were filled with wheat that had been 
windrowed and allowed to dry in the field before threshing. Such 
wheat cut immature and then dried will not have the same quali- 
ties as wheat normally ripened. Immaturity at the time of cutting 
probably accounts for the low germination in some of the samples 
from bins 3, 4 and 6. In the second place the wheat varied in pro- 
tein. The wheat put in bins 4 and 6 had from two to three per 
cent lower protein than that put in the other bins. Baking quali- 
ties are not the same in wheats differing so much in protein even 
if the conditions of storage are the same. In the third place the 
initial temperature of the wheat varied considerably. The tem- 
peratures at the time of binning were as follows: bins 2 and 3, 
41°; bin 4, 37°; bin 5, 45°; bin 6, 38°; bin 7, 36°, bin 9, 45°; and 
bin 11, 36°C. The lower initial temperature was an advantage to 
the wheat in bins 6 and 7. The high temperature was a disadvan- 
tage to the wheat in bins No. 9 and 5, but in the others the wheat 
was so dry that no injury resulted, while in No. 9 considerable heat- 
ing took place. 

















VITAMIN D AND THE ANTIRACHITIC ACTIVATION 
OF FOODS BY IRRADIATION WITH 
ULTRA-VIOLET LIGHT 


F. L. GUNDERSON 
The Quaker Oats Company, Chicago, Illinois 


(Read at the Convention, May, 1930) 


Neither rickets nor vitamin D is new. Rickets was, to our 
knowledge, first thoroughly described by a physician in the second 
century A.D. and it has been a common affliction of most tem- 
perate zone peoples ever since. Similarly, we can logically believe 
that vitamin D has been in existence as long as have plant and 
animal life. It is, however, only during the last ten to twenty years 
that it has been recognized as such. 

That rickets incidence is extremely high among infants and 
children generally is the concensus of opinion of leading nutritional 
and clinical investigators. The percentage occurrence in most 
instances runs well up between sixty and ninety per cent. Rickets 
is due largely to a lack of proper calcium and phosphorus metabol- 
ism. It might therefore be caused by a dietary lack of calcium, 
phosphorus, or of vitamin D which aids materially in the assimila- 
tion of these two mineral elements which go to form such a large 
part of bone, or it might be caused by dietary imbalance of these 
three food constituents. Rickets not only leads to malformation 
of the bones and teeth but, it is now believed, also renders the 
victim more susceptible to other diseases. It is well to keep in 
mind the fact that a combination of calcium, phosphorus, vitamin 
D, and total food intake, together with age, rate of growth, 
exposure to sunshine and a multiplicity of other factors enter into 
any rachitic consideration. 

To the Frenchman, Rosseau, we give much credit for his early 
recognition of the great value of body exposure to the sunshine at 
high altitudes as a means of preventing and alleviating infantile 
rickets. More recently Huldschinsky (1919-1920) first pointed out 
the possibilities of artificially irradiating children for rickets pre- 
vention. This direct irradiation of the body with lamps has become 
quite common. Another means of combating rickets is the long 
practiced feeding of cod-liver oil and oils of other fish. This, too, 
as you all know, is very effective. 


The Activation of Foods 


In 1923 and 1924, Dr. H. Steenbock of Wisconsin (1924a; 
Steenbock and Black, 1924) and Dr. A. F. Hess (1924a, 1924b; 
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Hess and Weinstock, 1924) of New York City independently and 
practically simultaneously discovered that many antirachitically 
inert food materials could be rendered rickets-preventing by expo- 
sure to the ultra-violet light rays of either the carbon arc or mer- 
cury vapor lamp. This discovery made it possible to accomplish 
a long realized need—namely, that of rendering available in a 
variety of foods a source of vitamin D sufficiently abundant to be 
of great value to the welfare of large numbers of humans. 

To enable the activation process to become commercially utiliz- 
able as well as to prevent unscrupulous commercial exploitation, 
Dr. Steenbock patented the process. The Steenbock patent (1924b) 
was assigned to and is administered by the Wisconsin Alumni 
Research Foundation. Licenses for the use of the process have 
already been granted in a number of food manufacturing fields 
both in America and in Europe. Among the American users are six 
pharmaceutical houses producing irradiated ergosterol in concen- 
trated form for human consumption, one company manufacturing 
irradiated breakfast foods, one dry milk company, one yeast com- 
pany, two biscuit manufacturers, and two companies concerned 
with the utilization of the process for animal feed concentrates. 

You will pardon me, I hope, if I am guilty of speaking more 
about the irradiation of cereal breakfast foods than about the 
irradiation of other food products, for I am most familiar with the 
treatment of these materials. To a large extent, however, what 
I may say of the irradiation of breakfast foods is probably true 
also of the irradiation of other foods. The plant operation neces- 
sary to accomplish this antirachitic activation is a matter of 
exposure of the substance to ultra-violet light of a relatively con- 
centrated nature. Sunlight itself is not a sufficiently potent source 
of ultra-violet light to be practical for bulky food activation. The 
best practical sources of these light rays are the mercury vapor 
quartz tube lamp and the carbon arc lamp. To say that one of these 
types of lamps is better than the other would be to speak blindly. 
Only by a rigorous comparison of the two—each in its most 
improved modern form—could one come to a fair estimation of 
their respective values. In the plant the cereals are conveyed in a 
very thin layer on an endless belt and pass under a battery of ultra- 
violet lamps. The technique of this exposure must be thoroughly 
understood and the variable factors rigidly controlled. Among 
these factors one might mention the kind of lamps, the power level 
at which they operate, their age, number, distance from the mate- 
rial being irradiated and facilities for preventing dust accumulation 
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on their bulbs or protective screens, the kind of material being 
irradiated, its thickness on the belt, the production stage of the 
product, the facilities for turning the material to expose a maxi- 
mum of surface, and perhaps even the type of soil and climatic 
conditions under which the raw material was grown. Other meth- 
ods of exposing the food to light rays might be employed. For 
example, the material might be allowed to fall through a slot device 
in a thin film exposed to the light or it could be agitated in a con- 
tainer while exposed to a light. Liquids might well be sprayed 
through an illuminated atmosphere. 

Antirachitic potency once imparted to a food material is not 
easily lost. It has been found to be stable under ordinary house- 
hold cooking conditions as well as to storage under varying degrees. 
of temperature (Steenbock et al, 1924) for periods of practical 
duration. In commercial baking, however, it is possible to destroy 
the antirachitic factor by not sufficiently limiting the temperature. 


Chemical Nature and Determination of Activation 


As I have previously mentioned, most of our common food- 
stuffs are antirachitally activatable. Some of the exceptions are 
water, sugars and other non-fatty materials. They do, however, 
possess this property to varying degrees depending largely on 
their content of ergosterol. It is this relatively rare sterol first 
discovered by Tanret and recently recognized by Windaus and 
Hess (1927) as well as by Rosenheim and Webster (1927) in this 
connection which is now believed to be the all-important constit- 
uent which takes the antirachitic activation. As it occurs in nature 
in grains, yeasts, molds, and in other plant and animal tissue it is 
entirely inactive. Exactly what change it undergoes when exposed 
to ultra-violet rays is not known but it is thought that the change 
is only minor in nature and on the order of a shift of the double 
bonds. Ergosterol is a solid, white, crystallizable alcohol. We look 
upon it as the mother substance of vitamin D. Thus far we know 
it to occur most abundantly in the lower types of plant life such 
as yeasts and molds. The percentage of it in other plant and animal 
tissue is very, very small—likely only a small part of one per cent 
at most. Its ability to assume a tremendous potency accounts for 
the fact that minute quantities of it can become of great signifi- 
cance. Recent determinations indicating a difference in the mode 
of action of irradiated ergosterol and cod-liver oil (Hess, Wein- 
stock, and Rivkin, 1930) are not surprising in view of their great 
inherent differences. 
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There are no satisfactory quantitative chemical tests for 
measuring vitamin D. The antirachitic potency of irradiated foods 
can be determined with the use of rats by any one or more of 
several biological methods which are available. Chief in importance 
among these laboratory methods are the so-called “line test” 
(McCollum et al, 1922) developed at Johns Hopkins, the histolog- 
ical picture method of studying bone formaticn, the following of 
the fecal pH, the use of X-ray pictures of the bones, and the 
determination of the percentage ash of certain long bones. No one 
of these methods taken alone is entirely satisfactory. As compared 
to chemical determinations they are all very slow, requiring from 
six to forty days for the completion of a determination. 


Plate 1. Wrists of Rats Fed Three Different Rations, Each Over a 
Thirty-five Day Period 





Rat 124 Rat 210 Rat 131 

Rat 124 received a ration of which 19% was irradiated farina in a 
ration such as No. 3, Table 1. Rat 210 received only non-irradiated farina 
in a ration such as No. 1, Table 1. Rat 131 received the stock colony ration 
of this laboratory. This ration entirely prevents rickets and has the follow- 
ing composition: yellow corn 47.00%, whole milk powder 33.33%, linseed 
meal 10.67%, crude casein 3.33%, butterfat 3.33%, alfalfa meal 
1.33%, bone ash 0.67%, and sodium chloride 0.34%. 

The bones of rat 131 are entirely normal; those of rat 124 are almost 
normal. Rat 210, however, shows a distinctly rachitic condition as mani- 
fested by the wide cartilagenous metaphyses of the radius and ulna. 

The “line test” which is dependent upon the laying down of 
a calcium phosphate deposit at the provisional zone of calcification 
in the metaphysis of long bones is quite satisfactory for estimating 
the vitamin D in such concentrates as cod-liver oil and viosterol. 
For less concentrated sources of vitamin D it is not so adaptable. 

The method based on the lowering. of fecal pH has resulted in 
great success at the hands of Jephcott and Bacharach (1926) of 
England, while others have encountered various difficulties in its 
manipulations. 

X-ray pictures give a very vivid record of perfection of bone 
formation but like the two proceeding methods it gives numerically 
comparative data only indirectly. Plate I shows the wrists of rats 
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131, 210, and 124. Rat 131 received the stock colony ration during 
the thirty-five day prophylactic experimental feeding period. Rat 
210 received. non-irradiated farina in a ration such as Ration 1, 
Table I, and rat 124 received irradiated farina at the level of 19%, 
comparable to Ration 3, Table I, all under otherwise similar condi- 
tions. The relative perfection of bone formation can readily be 
noted by a comparison of calcification in the respective wrists. 

As yet, the method based on the determination of the percent- 
age ash in the long bones (the femurs are commonly used) seems 
to be most acceptable for assaying of common food materials for 
antirachitic potency. In this test a series of rations based on either 
Steenbock and Black’s ration 2965 (1925) or on McCollum’s ration 
3143 (McCollum et al, 1921) are fed to a like number of groups of 
rats over a definite period. Table I gives a representation of the 
composition of such a series of rations. This series is based on 

TABLE I. 


A Series or Rations DesiGNep For THE Propuytactic EvALUATION oF A Foop 
For Irs AnTiRACHITIC PotTENCY 











Ration 1 Ration Ration Ration 
(control) 2 3 4 
Ingredients N % % % 

Material ‘‘A’’ (untreated) 76 ve , 57 66.5 

Materia] ‘‘A’’ (irradiated) wa 76 19 9.5 
Wheat Gluten 14 14 14 14 
Northwestern Yeast 6 6 6 6 
Calcium Carbonate 3 3 3 3 
Sodium Chloride 1 1 1 1 





Steenbock’s diet 2965 and differs from it only in the presence of 
the Northwestern Powdered Yeast Foam Tablets and the displace- 
ment of the yellow corn by “Material A”. “Material A” might be 
any food substance which one would desire to essay for its anti- 
rachitic value. It might be, for example: corn, wheat, a breakfast 
food, bread, or a combination of them. Diet 2965 is particularly 
suitable as an experimental rachitogenic ration because of its high 
calcium and its low phosphorus and vitamin D contents. 

The relative protection from rickets afforded by the above 
rations may be diagnosed from the comparative femur ash ana- 
lvses of the respective groups. Approximate (although not directly 
numerical) comparisons can be made from X-ray pictures of the 
legs of rats fed as indicated above. 

After these rations have been fed to the respective groups of 
at least four rats each for thirty-five days the rats are killed and 
the femurs removed and extracted in a Soxhlet extractor with al- 
cohol for about four days. The bones are then dried and weighed, 
ashed, and again weighed. The percentage ash in the dried ex- 
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tracted bones is calculated and the comparisons made directly. 
Subminimal sufficient levels of vitamin D produce subnormal ash 
values. An ash value of fifty per cent or more might be considered 
normal. Depending on the severity of the rickets the percentage 
ash would vary downward to as low as thirty or even twenty per 
cent. In the irradiation of breakfast foods it has been, and is, the 
objective of the manufacturer to impart a degree of antirachitic 
potency which gives complete protection to the rat against rickets 
when fed at the highest level as in ration 2. Diluted levels such 
as represented by rations 3 and 4 do not, however, entirely pre- 
vent rickets. By following this policy there is no danger, accord- 
ing to good authorities in nutrition, of overdosage of vitamin D 
even if a person ate nothing but irradiated foods. A manufacturer 
who would negligently fail to set a maximum as well as a mini- 
mum standard of potency would be guilty of an injustice to the 
public. 

Some scientists are inclined to look upon the potency of ir- 
radiated foods as being so low, relatively speaking, as to be neg- 
ligible. However, irradiated foods are not intended to supplant 
cod-liver oil or viosterol, which are medicinal foods. In this con- 
nection, as is well known, milk and eggs are two of our best 
and most widely distributed naturally occuring vitamin D contain- 
ing foods. The vitamin D content of eggs varies markedly, depend- 
ing on the ration fed to the hens. Likewise, milk from cows ex- 
posed to the sun and on pasture is higher in vitamin D content 
than is the milk from cows not so treated. The potency of irradi- 
ated foods compare favorably with these two naturally occuring 
sources of vitamin D when they are at their best. It is not neces- 
sary, nor even desirable, that irradiated foods, or that eggs, milk, 
or the leafy vegetables should be comparable with cod-liver oil and 
viosterol in vitamin D potency. Due to the high levels at which 
they are consumed, they appreciably augment the antirachitic prop- 
erties of the ordinary diet which in many cases includes neither 
cod-liver oil nor viosterol. 


Summary 

(1) Rickets is believed to occur to the extent of seventy to ninety 
per cent of our infant population and together with dental 
caries constitutes one of the most widely occurring physical 
imperfections of mankind. 

(2) This situation is in large part due to the limited consumption 
of vitamin D, which condition is caused by its limited occur- 
rence in our natural foods. 
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(3) Most foods can be antirachitically activated by exposure to 
ultra-violet light such as that of a mercury vapor or carbon 
arc lamp. 

(4) Potency thus imparted is believed to be due to an intramole- 
cular rearrangement in the ergosterol molecule. 

(5) Antirachitic potency of irradiated foods is highly stable to or- 
dinary storage and household cooking but 1s subject to destruc- 
tion at some of the higher temperatures combined with certain 
other variable factors existent in commercial baking. The ex- 
act degree of stability cannot be predicted; it must be deter- 
mined. 

(6) With rigid biological control to insure a desirable and definitely 
known degree of antirachitic activation the irradiation of foods 
has large possibilities for improving the human diet. 
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The spread between potencies of cod-liver oil and irradiated 
ergosterol on the one hand, and most ordinary foods except egg 
yolk on the other hand, is so great as to cause some to consider 
the latter as negligible sources of vitamin D. It is commonly 
thought that good sources of vitamin D are so sparsely distributed 
that one is inclined to forget the possible value of foods relatively 
poor in this vitamin but ordinarily consumed in considerable vol- 
ume. Such foods might be effective at least where the diet is rea- 
sonably well balanced with respect to calcium and phosphorus; and 
in this connection it is to be noted that in the usual vitamin D 
testiig procedure the test material is called upon to cure rickets 
of an extreme degree. Quantitative determinations of the vitamin 
D content of less prolific sources of this vitamin, perhaps using 
less severe rickets-producing basal diets more in keeping with 
average dietary conditions, should bring forth interestin com- 
parisons. Sherman (1926) has strongly emphasized this viewpoint. 

The extremely important place which cereals occupy in the 
modern diet justifies their examination with respect to the fore- 
going considerations. Mellanby (1925), and Green and Mellanby 
(1928) incline to the view that there are present in the grains in 
varying degree certain constituents interfering with deposition of 
mineral matter in bone. Sherman (1925), and Steenbock, Black 
and Thomas (1927) express the view that the nutritional shortcom- 
ings of these food materials are readily compensated by appro- 
priate dietary regulation. Mellanby, likewise, noted the improve- 
ment following adjustment in calcium and vitamin D consump- 
tion. The present report deals with data offering additional illus- 
tration of these relationships. 


Experimental 
Two series of experiments were conducted involving the feed- 
ing to rats of rations containing 60% whole wheat and 60% oat 
flakes. Details of these diets are recorded in Table I. Each series 
contained four groups in which the rations were characterized by 
different calcium: phosphorus ratios. A modified Osborne-Mendel 
salt combination lacking calcium and phosphorus was used as the 
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basal salt mixture and the desired calcium: phosphorus ratios then 
obtained by adding appropriate amounts of calcium lactate or a 
phosphate mixture. The chief points of interest regarding the cal- 
cium: phosphorus ratios are that in the A groups this ratio was 
very high; in the B and C groups it approached unity; and in the 
D groups it was very low. The B and C groups have the further 
difference that in the former the calcium and phosphorus consump- 
tion levels were relatively low and in the latter relatively high. 
Inasmuch as it was planned to conduct these observations over 
an extended period of time it was desired to make the diet as ade- 
quate as possible consistent with the purpose of the experi- 
ment. It was considered that a sufficiency of vitamin B would be 











TABLE I. 
Deraits or Rarions 
Wheat Series 82-A 82-B 82-C 82-D 
Oat Series 83-A 83-B 83-C 83-D 
Per cent Per cent Per cent Per cent 
Wheat Kernel or Oat Flake 60.0 60.0 60.0 60.0 
Dried Egg White 15.0 15.0 15.0 15.0 
Starch 3.0 7.9 0.0 3.7 
Crisco 10.4 10.4 10.4 10.4 
Butterfat 3.0 3.0 3.0 3.0 


Basal Salt Mixture 
Calcium Lactate, Anhydrous 


2.0 
6.6 


2.0 


« 
2.0 


6.6 





1.2 
Phosphate Mixture” 0.0 0.0 3.0 4.7 
Ca: P Ratio** 
(Wheat Series 4.8 1.35 1.35 0.20 
(Oat Series 5.2 1.51 1.38 0.21 
*A mixture of HNazPOs anhydrous and HzNaPOs.H20 in the proportion of 6 moles of 
the former and 4 moles of the latter. 
**Computed in part from Sherman's tabulations (1926). 





provided by the 60% grain components of the diets. Vitamin A was 
provided by means of 3% butter fat. The use of butter fat is of 
course open to the criticism that it may contribute a small amount 
of vitamin D and thus detract froin the sharpness of the results. 
McCollum and Simmonds (1927), however, stated that 15 to 30% 
of butter fat were required to obtain even faint calcification of 
the bones. McCollum, Simmonds, Becker and Shipley (1926) re- 
ported that rachitogenic rations containing 5% butter fat “pro- 
duced an exaggerated form of rickets. Calcification of the cartilage 
in the tibiae of these animals was entirely wanting.” During the 
autumn, however, these diets resulted in bones that “were almost 
normal in structure.” Reduction of the butter fat content to 1 
and 2% sufficed for the production of severe rickets. 
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Variations in the vitamin D of the butter fat doubtless due 
to differences in environment and feed can of course be a com- 
plicating factor. Inasmuch, however, as the wheat and oat experi- 
ments were conducted simultaneously and butter fat drawn from 
the same batch for each group of experiments, and inasmuch as 
pronounced rickets was evidently induced as shown by X-ray ex- 
aminations, it is probable that tais was not a seriously disturbing 
factor in these experiments. It may have operated to render the 
diets less severely rachitogenic, thus permitting development of 
differences to be presently described. 
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Fig. 1. Illustrating growth on wheat and oat rations characterized by different 
calcium: phosphorus ratios as detailed in Table I. 


Results 


Fig. 1 indicates the characteristic growth responses of these 
several diets. In the wheat series, Group A, in which there was a 
preponderance of calcium over phosphorus, growth was relatively 
poor as compared with the growth of Groups B and C, where the 
calcium: phosphorus ratio was fairly close to unity, regardless of 
whether the consumption level was high or low. In Group D, the 
diet of which was characterized by a preponderance of phosphorus 
over calcium, growth was not so good as in Groups B and C but 
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better than in Group A. A similar relationship is shown in the oat- 
meal group. One notes here, however, a distinct difference in com- 
parison with the wheat series. Growth was in practically all cases 
poorer in the oat series than in the comparable wheat groups. 
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Fig. 2. Illustrating appearance of bone on diets containing 60% of wheat and oat flakes, 
characterized by different calcium:phosphorus ratios. A calcium:phosphorus ratio 
approaching unity exerts a pronounced protective effect over a wide range of absolute 
intake levels of these elements. 

In general the information developed by X-ray examinations 
indicates normal bone formation in the B and C groups of both the 
wheat and oat series, where the calcium: phosphorus ratios ap- 
proached unity, regardless of whether the calcium and phosphorus 
consumptions were on a high or low level. In the A groups where 
the calcium: phosphorus dietary relationships were markedly dis- 
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proportionate, there was pronounced development of rickets, more 
severe in the oat than in the wheat group. In the wheat group also 
there is evidence of spontaneous healing, whereas spontaneous 
healing in the corresponding oat group was less readily discernible. 
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sriefly, the foregoing data lead to the conclusion that with the 
rachitogenic rations used in these experiments, wheat contains suf- 
ficient vitamin D to permit spontaneous healing if observations are 
carried over a sufficient period of time. There is less tendency to- 
ward spontaneous healing on a comparable oat diet which sug- 
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gests a lower vitamin D content in the latter grain. In both the 
wheat and oat series, further illustration is afforded of the regula- 
tive effect of appropriate calcium: phosphorus ratios. With such 
dietary adjustment, rickéts does not appear so far as judged by 
X-ray examinations. 
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These data were accumulated during 1925-26. They had not 
been reported heretofore because of our expectation to further 
investigate the subject, particularly with reference to exact con- 
trol of the Ca:P ratios. Inasmuch as the original aim was to com- 
pare the effect of extreme disproportions in calcium: phosphorus 
consumption with ratios approaching unity, it was considered satis- 
factory to use published values to compute these ratios. The dif- 
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ferences developed in groups 82-A and 83-A, however, indicated the 
desirability of specific analytical determination of these ratios and 
a comparison of the influence of several exactly determined ratios 
between 5 and 1. Pressure of other work has thus far prevented 
following through with this plan, and in the meantime the tenta- 


TABLE II 


Growrn, Foop Consumption AND X-Ray Derairs, Wueart Series 























Aver. X-Rays 
Rat Initial Weight Daily Description 
No. Weight Gain Food Days (See also Figs. 
Intake 2, 3 and 4) 
gms gms gms. 
Ration 82-A 1753 52 115 7.2 128 All show moderate 
Started 1754 58 132 7.1 128 rickets with evidence 
9-30-25 and 1755 39 94 5.9 128 of healing. 
extending 1756 61 127 7.4 128 
131 days 
1757 41 120 6.0 59 Severe rickets during 
64 early stages followed 
71 by definite healing 
78 tendencies. 
128 
Ration 82-B 1758 59 171 8.3 132 All almost normal. 
Started 1759 69 199 10.2 78 
9-30-25 131 
extending 1760 50 205 10.2 131 
131 days 1761 54 190 9.0 131 
1762 65 179 10.0 131 
Ration 82-C 1763 59 197 9.5 133 All almost normal. 
Started 1764 42 190 8.5 133 
9-30-25 1765 57 192 8.4 78 
extending 125 
138 days 1766 79 184 9.6 133 
1767 80 196 10.2 133 
Ration 82-D 1768 58 164 8.0 127 All almost normal. 
Started 1769 2 155 6.9 127 
9-30-25 1771 45 142 6.7 58 
extending 64 
138 days 71 
78 
135 
1772 51 143 7.8 135 





tive conclusions here reached have received confirmation by other 
workers. Thus, Steenbock, Black and Thomas (1927) reported 
that rolled oats is more rachitogenic than wheat and emphasized 
further the ease with which this defect of the cereals can be reme- 
died by judicious dietary supplementation. In a later publication 
the same authors (1930) concluded in general that “the cereals 
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ranked in antirachitic potency in the descending order of wheat, 
rolled oats, corn.” 

Additional confirmation of antirachitic differences between 
wheat and oats are suggested in the recent paper by Burton (1930), 
recording observations on children and adults, wherein it is noted 


TABLE III 


Growrn, Foop Consumption ANp X-Ray Deraixs, Oar Series 























Aver. X-Rays 
Weight Daily Description 
Rat. Initial Gain Food (See also Figs. 
No. Weight Intake Days 2, 3 and 4) 
gms gms gms 
Ration 83-A 1773 49 73 5.4 127 Very severe rickets 
Started 1774 37 75 5.0 127 with relatively little 
9-30-25 1775 50 64 5.2 127 evidence of healing. 
extending 1777 48 86 5.6 120 
131 days 
1776 34 51 5.0 58 Very severe rickets 
64 throughout period 
71 with relatively little 
78 healing tendencies. 
120 
Ration 83-B 1778 46 115 7.3 131 All almost normal. 
Started 1779 36 160 7.6 131 
9-30-25 1780 * 32 152 6.7 131 
extending 1781 45 152 7.7 78 
131 days 131 
1782 50 179 8.7 131 
Ration 83-C 1783 47 194 8.8 133 All almost normal. 
Started 1784 50 183 9.1 133 
9-30-25 1785 44 179 8.7 133 
extending 1786 51 193 8.8 133 
131 days 1787 43 183 8.6 78 
133 
Ration 83-D 1788 45 69 5.4 135 All almost normal. 
Started 1789 32 60 5.4 135 
10-1-25 1790 49 88 5 58 
extending 64 
130 days 71 
78 
135 
1791 81 115 5.5 135 
1792 40 93 5.0 135 





that calcium and phosphorus retentions were higher on the wheat 
than on the oat diet. 

Steenbock, Black and Thomas (1930) observed that the oat 
diet is consumed with more difficulty and in less amount than the 
wheat diet. Data recorded in Tables II and III show similar dif- 
ferences. This lower ievel of food intake may to some extent ex- 
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plain the differences in growth curves. As Steenbock and his as- 
sociates point out, some deficiency in vitamins B and G may pos- 
sibly be involved. The relatively poor growth in the oat series 
would tend to diminish the rachitic effect, whereas on the contrary 
with the rachitogenic oat diet there was less tendency towards 
spontaneous healing. 

The above described differences between wheat and oats are 
in keeping with observations of Mellanby. The author, however, 
is inclined for the present to ascribe such differences to variations 
in vitamin D content rather than to differences in content of sub- 
stances exerting a positive anti-calcifying effect as is held by Mel- 
lanby. 

The practical dietary evaluation of the grains, as of any food 
product, is. based upon their nutritional status with respect to the 
well-balanced diet. Present knowledge of nutrition discloses num- 
erous important articles of diet which are particularly good with 
respect to certain nutritional requirements but deficient with re- 
spect to others. In fact it is doubtful if any article of diet can by 
itself be considered nutritionally adequate. With attention to their 
specific contributions, however, dietetic one-sidedness can be large- 
ly avoided. Indeed Cowgill and associates (1927) by appropriate use 
of supplementary foods, found that when whole grain cereals fur- 
nished as much as 84% of the calories of the diet, excellent growth, 
reproduction, lactation, and general physiological wellbeing could 
be induced in the rat. Cowgill further stated that “In no cases 
whatever were any signs of rickets observed in these animals. 
When it is appreciated that to a certain extent rickets may be re- 
garded as a phenomenon associated with rapid growth, and that 
these animals showed an unusually rapid growth, the absence of 
rickets may be taken as even more indicative of the remarkable 
biologic value of the rations.” 


Summary 
Rats were fed for long periods on diets containing 60° whole 
wheat, and 60% oats with suitable variations in the calcium: phos- 
phorus ratios in the two series. By means of X-ray examinations 
progressive bone changes were observed. It is concluded that oc- 


currence or non-occurrence of rickets on both these grain diets can 
be controlled by proper adjustment of the calcium: phosphorus ra- 
tio within wide limits of consumption levels of these elements. 
Evidence of spontaneous cures on rachitogenic wheat diets is pre- 
sented. With a comparable oat diet there is less tendency towards 











September, 1930 M. S. FINE 465 


such spontaneous cure. Growth and food consumption were better 
on the wheat than on the corresponding oat diets. These differ- 
ences are in harmony with data reported by Mellanby, by Steen- 
bock, Black and Thomas, and by Burton. 
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Introduction 


Rope, an infection of bread by an organism, B. mesentericus, 
whose spores survive baking temperature, has long been a dread of 
the baking industry. For the last ten years we have done consid- 
erable work for a number of small and some large bakeries. In the 
course of this work the opportunity has frequently presented itself 
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to study the conditions under which this so-called bread disease 
occurs, and to attempt to control it. 

The symptoms are too familiar to require detailed description. 
The odor of an infected loaf, the yellowish discoloration in the ad- 
vanced stages, the silvery threads forming in the loaf when broken, 
and the soft, sticky and clammy crumb, form a picture known to 
every experienced baker. Bread infected by this organism will on 
hot, damp, summer days develop these symptoms to varying de- 
grees in from 36 to 72 hours. While scrupulous cleanliness, disin- 
fection, and thorough removal of all infected material from the 
plant is helpful, the only positive and immediate remedy seems to 
be the use of acids. Vinegar, lactic acid, a mixture of the two, or 
calcium acid phosphate are the favorite means of creating in the 
dough a degree of acidity incompatible with the growth of the 
organism. A dough with a pH between 4.5 and 5.0 appears tc be 
safe. 

Owing to the great losses which may be incurred if this con- 
dition is not promptly controlled, a great deal of work has been 
done on studying the source of infection and on testing ingredients 
as well as the finished product for rope. The best early paper on 
ropiness in flour and bread is that of E. J. Watkins, read before 
the Society of Chemical Industry in 1906. A more recent summary 
of work in this field can be found in a paper by Fisher and Halton 
(1926). Watkins worked out a practical test for rope in flour 
which has found very extensive use. We have used this method for 
years in this laboratory—not entirely with success. There are two 
reasons for our dissatisfaction with this method. One is that it 
requires a bacteriologist of considerable skill to avoid unintended 
infection of the material to be tested. Furthermore, the appear- 
ance of the inoculated and incubated “fingers” of bread is not such 
as to show definitely the presence or absence of rope in any but 
very pronounced cases. 

We have found it more satisfactory to bake up sample loaves 
with the flour in question, working as cautiously as possible to 
avoid contamination. The sample loaves were incubated at 30°C. 
at high humidity. Of the three loaves baked, one was examined at 
the end of 24 hours, one at the end of 48 hours, and one at the 
end of 72 hours. The ingredients in the sample loaves were those 
used by the average baker in making homemade bread. This pro- 
cedure is similar to that followed by Fisher and Halton. 

While the general belief prevails that among the ingredients 
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flour is the principal if not the only carrier of this infection, our 
present knowledge of the field indicates that other ingredients 
may be involved. We have, therefore, reduced our procedure to a 
minimum of ingredients when the flour itself had to be tested for 
rope organisms. In such experiments we make up biscuits instead 
of loaves of bread. For these biscuits only flour, water, and bak- 
ing powder are used. The baking powder has previously been 
tested with flour known to be free from rope to insure its safe use 
in this connection. The biscuits are placed in the incubator at 30°C. 
at high humidity, and one broken at twelve-hour intervals. 

The procedure of recognizing the presence of rope organisms 
by detecting the physical or chemical changes in the baked prod- 
uct through odor, feel, and appearance, have at least two serious 
objections. In the first place they require usually two to three 
days before a definite conclusion is reached. Secondly, they are not 
very exact and therefore make it difficult to differentiate in a 
quantitative sense between the infection-carrying power of differ- 
ent flours or other ingredients. When bread coming from a bakery 
is tested for the purpose of evaluating the condition existing in the 
bakery, the method just described is not sufficiently exact to tell 
the observer whether the condition of infectedness is on the wane 
or on the increase. We have, therefore, developed the following 
method which enables us to determine with a fair degree of ac- 
curacy the extent to which active rope organisms are present in 
bread. The method being accurate appears to be sufficiently sensi- 
tive to detect the presence of these active organisms in the incipient 
stages, at a stage when neither odor nor feel will prove their pres- 
ence with certainty. It is true that other micro-organisms will also 
manifest themselves in this way; on the other hand we believe 
that B. mesentericus or allied organisms producing typical ropiness 
or similar symptoms are the only ones present which under prac- 
tical conditions will survive baking temperatures. 


The Catalase Method for Testing Bread 


Catalase is an enzyme present in certain animal tissues and 
more generally in plant tissues, capable of bringing about the rapid 
decomposition of hydrogen peroxide to water and molecular oxy- 
gen. The presence of this enzyme in bacteria has been studied 
long ago. The extent of catalase activity in biological material 
has been measured either by determining the undecomposed hydro- 
gen peroxide, measuring the volume of oxygen produced or deter- 
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mining the change in pressure as a result of the liberated oxygen 
C. O. Appleman devised a very good method for catalase measure- 
ments in plant tissues. Later on Appleman studied catalases in po- 
tato plants by using the simplified form of Bunzell’s oxidase ap- 
paratus. Fresh bread just out of the oven, infected or otherwise, 
shows no measurable catalase activity. On incubation, however, 
as the rope organisms develop, catalase activity becomes pro- 
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Apparatus for Determining Catalase Activity as a Measure of Ropiness in Bread. 


nounced. Our aim in connection with this investigation was to de- 
velop a simple apparatus applicable to bread pulp, thereby meas- 
uring the extent of catalase activity and thus the extent of ropi- 
ness. After some experimentation we decided on the form of ap- 
paratus shown in Figure 1 and Figure 2. 


Procedure | 


Twenty-five grams of bread pulp are ground with 50 cc. of 
tap water and made up to 75 cc. with tap water. By holding the 
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apparatus at a slant with opening of compartment A tilted upward, 
the fluid mass is poured with constant stirring into compartment 
A. The remaining particles of pulp are flushed into the apparatus 
with an additional 10 cc. of tap water. Stopper L is now inserted 
tightly. A large glass jar such as a battery jar is filled with water 
within half an inch from the top. The water should be nearly room 
temperature (within 1°F.), so that its temperature will not change 
appreciably during a period of* fifteen to twenty minutes. Glass 
stopcock E is so set as to let air escape or enter through upward 
bent vent tube M. To hold the funnel more securely in place, stop- 
cock H is attached to glass hooks I and I' by means of two rubber 
bands, N and N’. The apparatus is now suspended in the water 
bath by running a glass rod under the upper bend of the mano- 
meter tube K and the horizontal tube connecting F with stopcock 
E. This glass rod will neatly support, therefore, the apparatus at 
two points and will itself rest on two points on the rim of the 
glass jar. To establish uniform temperature conditions the appa- 
ratus remains in the water bath for a period of ten minutes. (It 
is best to take the tap water for making up the bread pulp out of 
the jar containing the water at adjusted temperature.) During the 
interval of waiting there is introduced into the funnel F 10 cc. 
of 3% hydrogen peroxide, which has been adjusted to the tempera- 
ture of the water bath. The hydrogen peroxide fills funnel F al- 
most to the side tube leading to stopcock E. There is also intro- 
duced into manometer K mercury to fill both graduated arms up 
to the points O. Rubber stopper G is inserted tightly into fun- 
nel F. 

When the ten minutes required for equalization of tempera- 
ture have elapsed, stopcock E is turned through an angle of 180°, 
thereby closing all communication of interior of apparatus with the 
outside but maintaining communication of main body of appara- 
tus with funnel F through rubber tube C. Now stopcock H (im- 
mersed under water) is opened, allowing solution of hydrogen 
peroxide to flow from funnel F into compartment A. This com- 
partment has a capacity of 100 cc. With 95 cc. of liquid introduced 
there'remains a 5 cc. “air bubble” facilitating agitation. The whole 
apparatus is given a gentle shake or two and the time noted. Read- 
ings are made in millimeters on manometer K at intervals of one 
minute for five minutes. 


The Unit of Infection 


From the gas space in the apparatus, the change in pressure 
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and the temperature, it is possible to calculate quite easily the 
amount of oxygen liberated in five minutes. Tentatively we shall 
define the unit of infection as that degree of infection which will 
cause liberation in five minutes of 1 microgram (0.000001 gm.) of 
oxygen per gram of bread which has been incubated at 50°C. for 
24 hours. 


Calculations 


The volume of the apparatus, when ready for use, measured 
up to the first 0 point of manometric tube is 135.0 cc. The total 
volume of liquid used is 95 cc. leaving an air space of 40 cc. In 
our calculations we consider it safe to disregard the barometric 
pressure, this introducing a minor and insignificant error. A micro- 
gram (0.000001 gm.) of oxygen at temperature t would occupy 

32 x 10° x 273 273 


22400 (273 +t) cc. or 0.0007 Wstt ee. 





In 40 cc. this amount of oxygen would create at O°C. an addi- 
tional pressure of 0.0133 mm. 

If 25 gm. of bread are used this pressure represents, according 
to our definition, one twenty-fifth of a unit of infection. One unit 
of infection would, therefore, theoretically produce at O°C. in five 
minutes a pressure twenty-five times as great, or 0.3325 mm. 

At 20°C. each unit of infection will produce a pressure of 
0.357 mm. 

If 25 grams of bread produces too great a reading (over 80 
mm.) only one-tenth of the amount or 2.5 gm., or possibly even 
one-hundredth of the amount, or 0.25 gm., of the material should be 
used and the results multiplied by ten or one hundred respectively. 

Miss Helen Thompson and the senior author are now carrying 
on experiments determining the optimum temperature for rope de- 
velopment by incubating the loaves at different temperatures. Our 
results so far indicate that the optimum temperature varies ac- 
cording to the length of incubation. The shorter the incubation the 
higher the optimum temperature. We believe that for short per- 
iods the temperature found will be in the vicinity of 50°C. More 
accurate data on this point will be submitted in a later paper. 

We are also perfecting a procedure which will enable us to 
determine directly without baking and incubation of bread the 


extent to which rope-producing organisms are present in flour. 
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Experimental Data Illustrating Application of Method 


The following experiments were performed to establish in a 
quantitative sense the rope-preventing properties of calcium acid 
phosphate. Some of the results are here cited to illustrate the man- 
ner in which the method can be applied to bakery problems. 


Experiment I 

Test bakes were made under practically uniform conditions. 
according to our regular laboratory formula. “A” served as control 
without addition of calcium acid phosphate or other acid material, 
“B” contained calcium acid phosphate to the extent of 0.5% of the 
flour, and “D” had calcium acid phosphate to the extent of 1.5% of 
the flour. All of the flour used was thoroughly infected with a 
standard sample of rope-infected flour. Of this infected material 
0.7 gm. was used per pound of flour. This particular sample of in- 
fected flour has been used for such purposes as this for a number of 
years. It was originally prepared by thoroughly mixing 1 gram 
of dry and badly ropy crumb with 99 grams of a standard patent 
flour. Both the infected flour as well as the preventative were 
thoroughly mixed with the dry batch of flour before addition of 
water or other ingredients. Sample loaves weighing 1 lb. were 
allowed to cool for 1 hour, wrapped in paraffine paper and placed in 
the incubator operating at 30°C. In these particular experiments 
the three-day incubation at 30°C. was practiced instead of the 
twenty-four hour incubation at 50°C. as outlined in this paper. 
This was done to secure data comparable with earlier data in our 
possession. The resulting data are recorded in Table I. 


Experiment II 


This experiment differs from Experiment I only in the amounts 
of preventative used. The results are strictly coniparable with 
those obtained in Experiment I and are recorded in Table II. 


TABLE I 


Relationship Between Varying Amounts of Calcium Acid Phosphate and the 
Degree of Infectedness of Incubated Bread as Measured by 
the Catalase Method 


A B c D 
Temperature of Bath 84°F. 84°F. 84°F. 84°F. 
Percentage of Preventative _........... 0.5% 1.0% 1.5% 
Amount of crumb use 0.25 g. 25.00 g. 25.00 g. 25.00 g. 
Reading (end of 5 min.) 31 4.0 2.0 0.0 


Units of Infection 8,428 11 5 0 
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TABLE II 

A B Cc D 
Temperature of Bath 84°F. 84°F. 84°F. 84°F. 
Percentage of Preventative _........... 0.2% 0.4% 0.6% 
Amount of crumb used 0.25 0.25 0.25 an 
Reading (end of 5 min.) 19.0 12.0 4.5 0.0 
Units of Infection 5,168 3,264 1,224 0 


It is evident from these experiments that the procedure en- 
ables us to determine with considerable accuracy the amount of 
preventative necessary to fully prevent rope development under 
these conditions. We consider it desirable to disregard all results 
based on pressure readings of less than 2 mm. at the termination 
of the experiment. Such slight readings may well be due to in- 
crease of vapor pressure, inadequate temperature adjustment, etc., 
etc. If we disregard such readings (Experiment I, C) we come to 
the conclusion that an amount of calcium acid phosphate slightly 
greater than 0.5% based on the flour used, is adequate for rope 
prevention. Additional experiments would be required to show 
exactly what this amount is. For our purposes here the above il- 


lustrations will suffice. 
aS 7 a 


This apparatus and accessories can be secured from The Emil 
Greiner Co., 55 Vandam Street, New York City. 
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The A. O. A. C. gasometric method for the determination of 
carbon dioxide in baking powder was in the form now used, pub- 
-lished in 1927.1 In brief, the method depends on the liberation of 
the carbon dioxide from a baking powder by the addition of an 
excess of sulfuric acid and collecting the gas liberated (or its equi- 
valent volume of air). This gas volume is then reduced by calcu- 
lation to the standard temperature of 0°C. and 760 mm. pressure. 
Knowing the weight of one cubic centimeter of carbon dioxide 
under these standard conditions as well as the weight of the sam- 
ple taken, the percentage of carbon dioxide in the sample can be 
calculated. 

In actual practice however, this method is greatly simplified 
by weighing exactly 1.7000 grams of the baking powder for the 
determination. Then when the liberated gas volume has been re- 
duced to standard conditions of temperature and pressure by use 
of a factor, the per cent of CO, in the baking powder is obtained 
directly by dividing the gas volume obtained by 10. 

For simplicity of operation as well as for speed, the official 
A. O. A. C. gasometric method leaves little to be desired. Espe- 
cially is this true when comparisons are made with the time-con- 
suming official A. O. A. C. gravimetric (Knorr) method.* 

The accuracy of the official A. O. A. C. gasometric method has 
been questioned by Hertwig and Hicks.’ In their article they say: 

“Attention is called to the omission in the Chittick method 
(A. O. A. C. Book of Methods, 1925, p. 305) for the gasometric de- 
termination of carbon dioxide in baking powder, self-rising flour, 
etc., of a factor to correct the carbon dioxide gas volume reading 
for the partial displacement due to the vapor tension of the re- 
agent, dilute sulfuric acid, used. This omission under certain cir- 
cumstances may cause an appreciable error. 

“In the execution of this method it is observed that the addi- 
tion of a measured volume of reagent-acid to the dry decomposi- 
tion flask causes a greater displacement in the gas-measuring tube 


1 Jour. A. O. A. C. 10: 36 (1927). ‘ 
* Official and tentative methods of analysis of the A. O. A. C., p. 301. 
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than the volume of added acid. This displacement is greater by 
about 3 to more than 5 cc., depending on the barometric pressure, 
the temperature, and the acid concentration, and is attributable 
to the vapor tension of the reagent-acid.” 

Before considering in detail this criticism of the official A. O. 
A. C. gasometric method by Hertwig and Hicks, there is an error 
in the quoted statement which should be corrected, namely that 
the method in question is official for baking powder and not for 
self-rising flour. 

Hertwig and Hicks state “the volume reading of the evolved 
carbon dioxide, in the present Chittick method, consequently re- 
quires an empirical correction equal to the difference between the 
volume of reagent-acid used and the corresponding reading ot 
the displacement effected in the gas-measuring tube after equali- 
zation of the internal and external pressures.” 

According to Hertwig and Hicks this difference amounts to 
about 3 to more than 5 cc., that is, the volume of gas in the gas- 
measuring tube is by that amount greater than it should be and 
it should be subtracted before the gas volume is reduced to stand- 
ard conditions. In other words ii the Hertwig and Hicks sugges- 
tion is correct, then the official A. O. A. C. gasometric method gives 
results which are approximately 0.3% to more than 0.5% too high. 

In this article, Hertwig and Hicks give two examples of the 
analysis of a baking powder for total COz in which the correction 
as suggested by them is applied, as well as the same analysis in 
which their correction for vapor tension is not applied. In the 
latter case the results are 0.6% higher than in the former, which 
would seem on the face of things to indicate a gross error in the 
official method. 

There is one fundamental principle that should always be ob- 
served in the examination of the accuracy of any analytical meth- 
od, when such a principle can be applied, namely to work with 
samples, the exact composition of which is known accurately. This 
cannot be done in all cases but it certainly can be done in the case 
of baking powders, a compounded product in which the amount and 
purity of the sodium bicarbonate entering into its composition 
can be accurately controlled. This is the serious error into which 
Hertwig and Hicks have fallen: they either did not know or at 
least failed to report in their paper the total carbon dioxide con- 
tent of the baking powder which they analyzed. Had they followed 
this precaution of using for analysis a baking powder of known 


* Cereal Chem. 5: 482. 
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strength we believe results would have been obtained indicating 
the accuracy of the official gasometric method. 

There is no question about the accuracy of their statement 
that when a given volume of dilute sulfuric acid is added to the 
dry reaction flask, the gas-measuring tube volume will read 
greater than volume of acid added to the flask, and that this in- 
creased volume is due to the vapor tension of the acid. On the 
other hand, when the actual operation of making a determination 
for total CO, is being carried out, an entirely different set of con- 
ditions prevail in the system. The strength of the sulfuric acid does 
not remain the same, for part of it is neutralized in reacting with 
the soda of the baking powder, and we have the complex result of 
the vapor tension of the dilute acid plus the various salts that may 
be present. This condition undoubtedly does produce a vapor ten- 
sion but certainly we cannot assume it as being equal to that pro- 
duced by the acid per se. If there should be an increased volume 
of gas in the gas-measuring tube due to this vapor tension and 
actually the analysis of a sample of baking powder gives accurate 
results without correcting for it, then the conclusion must be 
drawn that there is some compensating factor. This is actually the 
case and the compensating factor appears to be the amount of 
CO. that remains dissolved in the liquid in the reaction flask. 

Before discussing the study that has been made of the official 
gasometric method, mention should be made of the fact that all 
of the equipment used in the work has been standardized for ac- 
curacy. This included all volumetric equipment, weights, barometer 
and thermometers. 

The first problem in this study was the preparation of a baking 
powder oi known total CO, strength. To this end, the investigation 
began with the sodium bicarbonate. The bicarbonate was the type 
used in compounding baking powder on a commercial scale. It 
may be pointed out in passing that there is no chemical substance 
produced in a large way, of higher purity than the powdered so- 
dium bicarbonate now obtainable. Triplicate determinations were 
made of the moisture content by drying to constant weight over 
sulfuric acid. These determinations gave the moisture content 
of 0.016%, 0.016% and 0.017%. 

This dried bicarbonate was then analyzed for loss of weight by 
ignition, the change taking place being in accord with the well 
known equation 2NaHCO3—Na2CO3+ H20+ COs. 

The ignition, using 5 gram samples, was carried on in a muffle 
furnace at a gradually increasing temperature until 560°C. was 
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reached and maintained for two hours, this temperature being 
midway between that point at which CO: is lost from NaHCOs 
and that at which NasCOs, fuses. The losses were 99.86%, 99.86% 
and 99.83% or an average of 99.85% of the theoretical loss. This 
data will give an idea of the purity of the sodium bicarbonate used 
in the subsequent work. 

A combination baking powder was prepared, using the dried 
bicarbonate of the same quality as above mentioned. 57.4 grams 
of this bicarbonate was made up into a 200 gram sample of the 
finished baking powder. The acid reacting materials were mono- 
calcium phosphate and sodium aluminum sulfate. Cornstarch made 
up the balance. From this amount the finished baking powder 
would contain theoretically (if the bicarbonate were 100% pure) 
a total COs content of 15.03%. Applying the factor of purity ob- 
tained by ignition, the total CO, present was 15.01%. 

In order however to get still another check of the total CO: 
present in the baking powder it was submitted to the official gravi- 
metric \norr analysis. The following changes were made in the 
method which long experience has shown to be necessary in order 
to get closely agreeing quantitative results. One extra sulfuric 
acid bulb must be used following the Liebig condenser and two ex- 
tra potash bulbs for the COs absorption. Bowen potash bulbs were 
used in place of the Geissler bulbs as mentioned in the official 
method. Also dilute sulfuric acid was used in place of hydrochloric 
acid for liberating the COs. The sulfuric acid used was made up 
from one volume of acid to five volumes of water. Objection has 
been raised to the use of HCI for liberating the COs, for the con- 
centration recommended in the Knorr method is such that there is 
danger of some of the acid being carried over into the train. 

Triplicate determinations were made of the baking powder by 
the Knorr method and the following results obtained for total COz: 
15.05%, 15.05% and 15.07%, or an average of 15.06%, which figure 
been raised to the use of HCI for liberating the COs, for the con- 
for analysis by the gasometric method. This result is but 0.05% 
higher than the result obtained by the ignition method. 

The results obtained by four different operators using the 
gasometric method are given in the following five tables. 

The gas volumes were read to 0.10 cc. The correction for 
volume used throughout all these tests was — 0.04 cc. 

The average of the forty determinations was 15.079%, a re- 
markable close check to the theory of 15.06% total carbon dioxide 
as found by the gravimetric method. 
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From time to time, determinations were made, as suggested 
by Hertwig and Hicks, of the increased volume in the gas-measur- 


Resuits Osrarnep sy Five DirrereNt Oreratrors Usinc rue Gasomerric Metruop 
TABLE I (By Chittick). 











Gas vol. Temp. Bar. % CO2 

in ec. °C reading found 

1 150.46 26.0 752.0 15.19 
2 149.96 26.5 751.5 15.08 
3 149.26 26.0 751.5 15.05 
4 149.46 26.0 . 751.3 15.07 
5 149.96 26.0 751.0 15.12 
6 151.66 27.0 744.8 15.07 
7 151.96 27.0 744.7 15.10 
s 152.56 27.0 744.5 15.15 
9 148.16 24.8 753.7 15.09 
10 147.96 25.0 753.7 15.05 


Average 15.097 














Gas vol. Temp. Bar. Jo CO2 

in cc, °C reading found 

1 149.96 25.0 746.3 15.10 

2 151.76 27.0 746.3 15.11 
3 149.66 27.0 746.5 14.91 

4 150.96 27.0 746.6 15.04 
5 150.96 27.0 746.7 15.04 
6 149.96 26.5 749.2 15.03 
7 150.16 26.0 749.2 15.10 
5 149.96 27.0 749.2 14.99 
9 149.46 27.0 749.3 14.94 
10 149.96 27.0 749.3 14.99 


Average 15.025 





TABLE III (By Richards). 











Gas vol. Temp. Bar. Go COs 

in ce. °C reading found 

1 148.96 25.0 749.9 ' 15.07 
2 148.56 25.5 749.9 14.99 
3 148.96 26.0 749.8 14.99 
a 148.96 26.0 749.7 14.99 
5 149.46 26.0 749.4 15.03 
6 149.56 26.0 752.0 15.09 
7 149.66 26.0 752.0 15.11 
8 149.66 26.0 751.8 15.10 
9 149.16 26.0 751.8 15.05 
10 149.66 26.0 751.8 15.10 


Average 15.052 





ing tube as compared with the volume of dilute sulfuric acid run 
into the dry reaction flask. This excess volume was found to be 
from 3 to 5 cc. If the correction as suggested by Hertwig and 
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Hicks were applied to the determinations made the results would 
be from 0.3 to 0.5% lower than those obtained and to that extent 
in error. 

In order to determine the amount of dissolved COs in the resi- 
dual liquor in the reaction flask, the air over the surface of the 
































TABLE IV (By Preston). 

Gas vol. Temp. Bar. % COz 
in ce. °C reading found 
- 149.46 23.8 748.0 15.18 
2 149.16 24.1 747.8 15.13 
3. 149.46 24.4 747.8 15.13 
4. 150.16 24.7 747.2 15.16 
5 149.96 25.0 747.1 5.12 
6. 150.06 25.1 746.7 5.11 
_ 8 149.86 25.0 747.2 5.11 
8. 150.06 24.7 746.9 5.15 
9. 150.26 24.6 746.8 5.17 
10. 149.96 24. 746.7 5.16 
Average 15.142 

TABLE V (By Chittick and Richards) 
Gas vol. Temp. Bar. Yo COz 
in ce. °C reading found 
4a 141.96 15.0 743.0 14.98 
2. 141.96 15.0 743.0 14.98 
3. 142.66 15.5 743.0 15.02 
4. 143.16 15.5 743.0 15.07 
5. 142.06 15.0 743.0 14.99 
6 141.96 15.0 743.0 14.98 
Average 15.003 





liquid was aspirated for 15 to 30 minutes and then the flask at- 
tached to the Knorr method apparatus and the COs dissolved in 
the liquid determined gravimetrically. Converting these weights 
obtained into volume of COs at some definite temperature and 
pressure which we might. find in the laboratory, the final deter- 
minations made gave figures from 2.88 cc. to 3.53 cc. We realize 
that these figures are perhaps not as accurate as they might be; 
that during aspiration of the CO, from above the liquid some CO2 
may have been lost from the liquid in the flask. At all events, it 
bears out the point that there is a factor in the CO» dissolved in 
the liquid in the flask which compensates for the vapor tension of 
the liquid itself when operating at the temperatures employed and 


stated in Tables I to IV. If this were not so, then there would 


have to be a correction of some sort applied to the gas volume as 
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read. That such a correction is unnecessary and that the official 
gasometric method as now used is one of remarkable accuracy, ‘s 
fully attested to by the analytical figures obtained. In tables I to 
IV it will be noted that the temperatures were from 23.8° to 27°C. 
These temperatures are those not uncommonly met with in a labor- 
atory and yet lower temperatures are also to be considered. In 
consequence, in Table V are given six determinations made at a 
considerably lower temperature, namely 15° to 15.5°C. The first 
three determinations were made by Chittick, the second three by 
Richards. The average of these six determinations is 14.96% total 
CO. which is 0.10% .below the theoretical value. Since the vapor 
tension becomes lower with lowered temperature and the solubility 
of the COs in the liquid in the reaction flask would increase, we 
should expect to find both these factors of vapor tension and solu- 
bility working together to decrease the gas volume. The results 
of analysis obtained at 15°C. indicate this to be the case. While at 
temperatures between 23° and 27°C. they seem to be completely 
compensatory. This seems to be shown by the actual figures of 
the analyses. 

Hertwig and Hicks conducted their experiments on baking 
powder at 22°C. so the results we have obtained cover their work- 
ing temperature. 

It would seem to follow that any COz method which gives re- 
sults within + 0.10% of the actual is a very reliable method. 

The authors wish to express their appreciation to Mr. C. J. 
Preston for his collaboration in this work. 

As a matter of record, the humidity of the atmosphere as rec- 
orded by the Weather Bureau in Chicago on the days the deter- 
minations were made was as follows: 














Date 7 A. M. 12 Noon 72. &. 
February 18, 1930 95 79 75 
February 19, 1930 63 54 67 
February 20, 1930 37 58 69 
March 3, 1930 76 59 65 
March 19, 1930 74 40 49 
April 15, 1930 67 87 93 
April 22, 1930 50 44 41 
April 24, 1930 72 54 75 

7 
Conclusions 


1.—The A. O. A. C. official gasometric method for baking powder 
gives remarkably concordant results in the hands of different 
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operators, and results which are very closely in agreement 
with actual total COs present. 

2.—The assertions of Hertwig and Hicks that a correction for 
vapor tension must be applied is not borne out by our analy- 
tical results. 

3.—Whatever vapor tension effect is produced by the liquid in the 
reaction flask is closely compensated for (in those working 
temperatures generally experienced in the laboratory) by the 
COz dissolved in the liquid. 


VARIATION IN PROPERTIES OF ACETONE EXTRACTS OF 
COMMON AND DURUM WHEAT FLOURS. 
A PRELIMINARY REPORT 


A. W. WaLpE Anp C. E. MANGELS 


Agricultural Experiment Station, Fargo, N. D. 


(Received for publication May 15, 1930) 


Wheat flour contains a relatively small quantity of ether- 
extractable material, and for this reason probably the fatty con- 
stituents of wheat flour have received relatively scant attention 
from the chemist. 

The chemist, however, has given considerable attention to the 
gluten or nitrogenous compounds of wheat flour and many differ- 
ences observed in flour quality are quite generally ascribed to dif- 
ferences in gluten quality. Chemical investigations to date, how- 
ever, have failed to reveal any really significant differences in the 
chemical constitution of the wheat proteins or in the proportions 
of the different proteins. Variations in gluten quality, however, 
do exist and may also be observed in the physical properties of 
washed glutens from different flours, and are reflected in the qual- 
ity of baked products from the flour. 

It is entirely possible that substances associated with the 
gluten even in small quantity might appreciably affect the physical 
properties of the washed gluten. The gluten mass that may be 
washed from flour is not a purely protein substance, but other sub- 
stances, particularly fatty, or lipoid materials, are always found 


to be associated with the proteins. 
Dill (1925) found an appreciable quantity of ether-alcohol sol- 
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uble material associated with wheat protein in dried washed glu- 
tens. 

Sullivan and Near (1927) determined the lipoid content of sev- 
eral glutens from different types of wheat, finding a variation 
from 2.30 to 3.84%. The glutens of best quality contained the least 
lipoid material. 

Sullivan and Near in a later article (1928), show the distribu- 
tion of lipoids and lipoid phosphorus in different mill products. 
The patent flour contained the smallest percentage of total lipoids, 
but the phosphorus content of the lipoid material was highest in 
the patent flour. 

Working (1924) showed that the addition of wheat phosphatid 
and lecithin to bread dough in increments of 0.5 to 1.0% injured 
the baking quality. 

Chemical literature, however, contains very few references to 
the nature of the fatty material of the wheat kernel. These refer- 
ences also generally refer to fatty material found in the wheat 
embryo. Ball (1926) however, examined a wheat fat prepared by 
extracting a patent flour with ether. The wheat fat prepared by 
Ball from patent flour showed the following constants: 


a, NE si siiiicteinneetnsesnatcitishennticedinesianiibatlaads 0.96729 
SRNR: Tee ericessviinenininrnistininiinnehiatitins 160.86 
DORI Bisse asceesstiinstccesabeiiinitetetnlintianninitteliann 105.43 
Unsaponifiable Material 0... cece 2.51% 


The fatty material extracted by usual fat solvents always con- 
tains some unsaponifiable material. Anderson and Nabenhauer 
(1924) found two phytosterols in wheat endosperm—sitosterol 
(Co7Hy;0H) and dihydrositosterol (C2;H4;OH). The sitosterol of 
Anderson and Nabenhauer was similar to the material which they 
obtained from corn and melted at 137.0 to 137.5°. 

Gortner (1928) had noted a crystalline material which sep- 
arated from ether extract of flour. This material, however, was 
not readily soluble in ether. 

Ball (1926) noted a substance which separated from ether ex- 
tract of flour on standing. This crystalline material had a melting 
point of 93.0 to 93.5°C. Treatment with boiling alcoholic sodium 
hydroxide for thirty minutes did not change the melting point, but 
after five hours treatment with alcoholic sodium hydroxide the 
substance gave a melting point of 137.5°C. Ball concludes that the 
material which separated from the ether extract is an ester of 
sitosterol. 
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Experimental 

As stated previously, very little data is available regarding the 
nature of the non-phosphatid fatty substances in wheat flour. 
Ether dissolves a considerable amount of phosphatids and it was 
desired to secure a wheat fat preparation practically free from 
lipins or phosphatids. According to MacLean (1918), phosphatids 
are soluble in different degrees in all of the common fat solvents 
with the exception of acetone. The phosphatids are practically in- 
soluble in acetone. In preparing the wheat fat for the experiment, 
therefore, a direct extraction of the flour was made with acetone at 
room temperature. 

It was thought desirable to compare two flours known to have 
quite different properties. Accordingly about 15 pounds each of 
the Marquis and Mindum varieties were secured through the De- 
partment of Agronomy from the Langdon Sub-Station. The Mar- 
quis variety is a common spring wheat, the flour of which is noted 
for excellent bread-making properties. The Mindum variety is a 
high grade amber durum which is very desirable for preparation 
of macaroni products, but is decidedly inferior in bread making 
quality. The two lots of wheat were milled on the small experi- 
mental mill and a 75% patent flour prepared from each. Table I 
shows the protein and ash content of the two flours and also the 
per cent of material extracted by ether and cold acetone. 


Preparation of Acetone Extracts 


A quantity of each of the flours was placed in a bottle of ap- 
proximately 3 liters capacity and sufficient c.p. acetone added so 
that the flour was covered about two inches. The flour-acetone 
mixture was thoroughly agitated and allowed to stand for a week. 
The solvent was then removed by filtering through a large Biich- 
ner funnel into a suction flask. Gne thickness of fine white cotton 
cloth and a filter paper were used in the Buchner funnel. The flour 
on the filter was washed twice with acetone, but while the greater 
part of the acetone soluble material was thus removed no attempt 
was made to completely extract the flour. 

The solvent was removed and recovered by distillation under 
reduced pressure. During the distillation a considerable amount of 
flaky crystalline material separated out from the Marquis wheat 
extract, but this was not noted in the durum extract. After re- 
ducing to small volume, the final traces of acetone were removed 


by exposing in a beaker in a warm dark place. The oil or fatty 
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substance from Marquis wheat contained considerable crystalline 
material, while the durum extract when freshly prepared was clear 
and also less viscous than the Marquis extract. 


Properties of Flour After Extraction With Acetone 


Gluten could still be washed from the acetone extracted flour 
but the gluten differed from normal gluten in being rather stringy 
and lacking in toughness. 

One sample of acetone extracted flour was baked. The loaf 
from this sample was very inferior in size and texture to the loaf 
baked from the original flour. 






































TABLE 1 
Protein, Asn, AND ErHer AND AcETONE So_uBLe MareriAt or Parent Fiovurs 
(Dry Basis) 
Protein Ash Ether Acetone 
in in Soluble Soluble 
Flour Flour Material Material 
%o %o Jo Te 
Marquis 14.0 0.42 1.28 1.25 
Mindum 13.1 0.63 1.29 1.26 
TABLE 2 
NITROGEN AND PuospHorus Content oF Acetone Exrracts or Parent Fiovur 
Nitrogen Phosphorus 
© 0 
Marquis 0.113 .090 
Mindum 0.100 .090 
TABLE 3 
ComparisON oF AcrTrone Extracts or Parent FiLour 
az Marquis Mindum 
Unsaponifiable Matter, per ct. 4.37 6.01 
Free Acid Number 20.11 17.78 
Saponification Number 133.5 159.1 
Ester Number 113.4 141.3 
Iodine Number 92.2 109.3 





Properties of Acetone Extracts 


Both preparations showed a tendency to harden and become 
insoluble when exposed to the air in a thin layer. The property 
vill be discussed later in connection with the iodine number. 

The nitrogen and phosphorus content of the two acetone ex- 
tracts was determined and these data are shown in Table II. The 
nitrogen content may be due to some contamination of protein 
material, but the low phosphorus content indicates a low phos- 
phatid content. Near and Sullivan (1928) found ether extracts of 
patent flour to contain more than 0.5% phosphorus. By using ace- 
tone as a solvent, therefore, a wheat fat preparation of relatively 
low phosphorus content may be prepared. 
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From Table I, it will be noted that acetone dissolves almost 
as much material as ether, and warm acetone dissolves more. Since 
the phosphorus content indicates that relatively little phosphorus- 
bearing fats are dissolved, it is evident that acetone dissolves other 
substances not readily soluble in ether. The extracts when freshly 
prepared, however, were completely soluble in both acetone and 
ether. The acetone extracts do, however, contain a relatively large 
amount of unsaponifiable matter. 


Examination of Extracts 


Table III compares the results obtained upon examining the 
two extracts. 

The Mindum extract contained a higher percentage of un- 
saponifiable matter than the Marquis extract. The Marquis has a 
higher free-acid number but the principal difference is found in 
the saponification number and the iodine number. The saponifi- 
cation number for the Mindum is significantly higher and would 
indicate a lower average molecular weight of fatty acids than 
found in the Marquis. The ester number is also higher for the 
Mindum extract. 

The iodine number of the durum extract is also significantly 
higher. This would indicate a higher degree of unsaturated fatty 
acid. The unsaturated compounds, however, may be partly of the 
oleic acid type. The durum extract has the highest iodine number, 
but the Marquis extract shows greater drying properties when 
exposed in the laboratory. 


Unsaponifiable Material 


Both extracts gave a positive Liebermann-Burchard reaction 
for phytosterol. In the case of the durum the color developed im- 
mediately, but in the case of Marquis extract the color developed 
quite slowly. This was surprising since the Marquis extract con- 
tained considerable crystalline material. 

In order to check up this matter, 500 grams each of (1) com- 
mercial bleached patent from hard spring wheat, (2) a Kubanka 
durum patent and (3) a Quality (common white wheat) patent 
were placed in percolators and extracted with acetone. The first 
drippings from the percolators were in all cases colored and after 
about 400 cc. were collected the flasks under the percolators were 
removed and replaced with other flasks. The second and third 400 


cc. were colorless in all cases, but after standing overnight a crys- 
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talline material separated out of the first extraction of (1) and (3) 
but none separated from the durum. It was found upon cooling the 
second and third extracts in a salt-ice bath to 0°C. that a consid- 
erable quantity of white flaky crystalline material separated from 
the common wheat extracts, but none from the durum. The crys- 
talline material from the common wheat extracts was filtered off, 
redissolved on filter paper with ether, and the ether removed by 
evaporation. This material gave a positive Liebermann-Burchard 
test, but the color formed very slowly. 

This material is evidently simnilar to the substance described 
by Ball (1926). When recrystallized three times from alcohol, 
crystals from hard red spring and white wheat patents melted at 
about 93°C. After eight hours’ treatment with boiling alcoholic 
potassium hydroxide, a substance which melted at 137°C. was 
obtained. Ball concluded that this compound was an ester of 
sitosterol. The Liebermann-Burchard test indicates that the durum 
extract contains a phytosterol. The durum extracts, however, do 
not contain this sterol found in the common wheat extracts which 
gives a weak Liebermann-Burchard reaction and is precipitated 
from acetone solution on standing or cooling. 

Discussion 

It is realized that the data presented in this paper is not suf- 
ficiently extensive to permit definite conclusions. The work must 
be repeated on additional samples to determine if differences noted 
are significant and consistent. 

The variations noted, however, are of interest and suggest 
that the role of non-phosphatid fatty substances may be quite im- 
portant in wheat flour. Presuming that variation in quality of 
gluten is due to variation in nature and amount of fatty materials 
associated with the proteins, the following observed flour pheno- 
mena may be explained by such a theory, namely: 

(1) The water absorbing capacity increases and the baking 
quality of flour improves upon aging or storage. 

(2) Certain bleaching agents in addition to effect on color, 
also affect baking quality. 

(3) Oxidizing agents such as potassium bromate, when added 
to the dough have a pronounced effect on baking quality. 

(4) Kent-Jones (1927) has recently observed that the baking 
quality of flour may be improved by heat treatment. 

All of these changes might be due to oxidation of the un- 
saturated fatty materials associated with the gluten. Further in- 
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formation on the nature of the unsaturated materials present is 
desirable. 

The presence or absence of certain forms of sterols may have 
an important effect on gluten quality. 

A sterol is present in common wheat flour which is evidently 
not present in durum. This sterol, which is probably an ester of 
sitosterol, is relatively insoluble in acetone at temperatures under 
10°C, 

Summary 

1. The acetone extracts of wheat flour are comparatively 
low in phosphorus content. 

2. The durum extract has a higher saponification number and 
ester number than the common wheat extract. 

3. Both extracts show to some extent the properties of dry- 
ing oils. The durum wheat extract has the highest iodine number. 

4. A sterol is present in common wheat which is relatively in- 
soluble in acetone at low temperatures. 
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PROTEOLYSIS IN BREAD DOUGHS' 


W. E. BrowNLee? anp C. H. BAILEy 
Division of Agricultural Biochemistry, University of Minnesota, St. Paul, Minn. 


(Read at the Convention, May, 1929) 


When bread doughs are fermented with yeast certain physical 
and colloidal changes are obviously taking place. These changes 
are frequently spoken of as “ripening” of the gluten and are gen- 
erally attributed to a change in the gluten proteins. One not in- 
frequently hears the expression “the gluten is broken dowa.” Im- 
mediately the question arises as to just what is meant by this 
“breaking-down” process. Colloidal and physical changes can be 
readily detected simply by the handling of the dough as fermenta- 
tion progresses, and in this way an experienced baker can judge 
more or less accurately the “progress” of the dough; conversely, 
the chemical changes, if any, in the structure or degree of aggre- 
gation of the gluten proteins that accompany this so-called “rip- 
ening” process are not so easily followed. 

For many years considerable attention has been devoted to the 
proteoclastic activity of flour in view of the possibility that it is a 
very important factor in determining the value of the flour for 
bread-making purposes. During the bread-making process yeast 
is added to the dough. Just what effect this may have on increas- 
ing the proteolytic activity is not definitely known. Thus we have 
two possible sources of proteolytic enzymes in ordinary bread 
doughs, but the actual extent to which proteolysis takes place dur- 
ing fermentation is still imperfectly understood. 

With these considerations in mind, the purpose of this study 
has been to find some means of demonstrating the chemical changes 
in the gluten proteins that accompany these physical and colloidal 
alterations, and subsequently determining to what extent these 
phenomena take place. 

The Material and Its Preparation 

The observations in this study have been confined to standard 
patent and clear flour doughs fermented for varying lengths of 
time up to 5 hours. These flours on analysis were found to have 
the following composition: 


’ 


Crude Protein 


(N x 5.7) Ash 

% % 

Camitard matene TOE i sssccctciscctsccdcnsenscocsicsts 11.41 0.48 
TI iio caincsactanGlaeseinatataniaantebiainhed 13.93 1.60 


1 Published with the approval of the Director as Paper No. 961, Journal Series, 
Minnesota Agricultural Experiment Station. 
? Fleischmann Research Fellow. 
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The doughs were mixed with the following formula: 





Flour 300 grams 
Yeast 9 grams 
Sugar 7.5 grams 
Distilled water sufficient 


The quantity of flour indicated, namely 300 gm., was actually 
adjusted on the basis of 15% moisture content. It will further be 
noted that common salt or sodium chloride was not included in the 
dough formula for reasons that will later become apparent. 


Freezing Methods.—In order to study the changes that occur 
during the fermentation period, it becaine necessary to find some 





means of arresting the action of the enzymes. To accomplish this, 
aliquots of the dough were taken at varying intervals and frozen 
solid in a refrigerator maintained at —17 + °C. At this low tem- 
perature the doughs, being spread in a thin sheet, are rapidly 
cooled, thus inhibiting enzyme action very shortly after the doughs 
are placed in the refrigerator, even though 25+ minutes are re- 
quired for freezing the doughs solid. 

The exact procedure used in preparing these doughs was as 
follows: 

The doughs were mixed in the Fleischmann mixing machine 
for 3 minutes. The dough was immediately weighed and one-third 
by weight was removed and frozen. This was accomplished by 
spreading the dough in a thin sheet on a plate glass slab which 
was at once placed in the refrigerator maintained at —17+°C. 
Under these conditions the dough was frozen solid in 25+ minutes. 

The remaining two-thirds was placed in a closed vessel in an 
air thermostat maintained at 30°C., and allowed to ferment for 2.5 
hours. At this time one-half this portion of the dough was removed 
and frozen in the manner indicated above. The remaining portion 
of the dough was fermented an additional 2.5 hours, or a total of 
5 hours, and was then frozen in like manner. 

It was necessary to conduct several experiments directed to- 
ward the development of a convenient and satisfactory method for 
effecting the dispersion of the dough in a solvent for peptization 
or other manipulations. If the slab had been greased the sheet of 
dough could be completely removed by slipping the edge of a 
chisel between it and the glass. The frozen material was then 
cracked into fragments and placed in the hopper of a meat grinder. 
When the handle was turned in the reverse direction to that which 


is usual to such a device the frozen dough would be crushed against 
the rear wall. After 15-20 revolutions of the grinder the device was 
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removed from the table and the fine powder or meal transferred to 
a beaker by inverting the grinder. The material thus produced was 
sufficiently fine and lent itself readily to dispersion in a solution or 
solvent to be used for study. 


Methods and Results 


An actual determination of the relative protease activity that 
takes place in an ordinary bread dough has proved difficult. This 
is due in no small measure to the complex nature of the flour pro- 
teins, and more particularly to the fact that seemingly small modi- 
fications of the structure of the gluten proteins may be accompan- 
ied by substantial alteration of their colloidal behavior. In study- 
ing proteolytic action as a whole one is not in want for methods; 
in general, however, each method has been developed for a par- 
ticular kind of investigation on a specific material, and in many 
cases they are not adaptable or useful in studies on material of a 
different nature. Cairns and Bailey (1927) and Olsen and Bailey 
(1925) have made reference to the inadequacies of the available 
protease methods. 

Recently Gortner, Hoffman and Sinclair (1929) have called at- 
tention to the substantial variations in the proportion of total pro- 
tein dispersed or peptized in various saline solutions. It appeared 
possible that the use of certain of these saline solutions might re- 
sult in the disclosure of changes in the structure or degree of ag- 
gregation of the flour proteins which are effected by the proteases 
active in an ordinary bread dough. To test this assumption the fol- 
lowing experiments were undertaken. 

A portion of this frozen dough-meal or powder was weighed 
off which was equivalent to 6.0 grams of flour, containing the equi- 
valent of 15% moisture. In this way the same proportion of flour 
appeared in each of the extracts or preparations. This material was 
at once suspended in 50 cc. of a 0.5 M saline solution, 

Three saline solutions were employed in this work, namely 
0.5 M KeSO4, 0.5 M MgSO, and 0.5 M MgCle. In order to have 
equal ionic concentrations of all salts, 0.5 M solutions were used 
throughout instead of solutions of the per cent by weight most 
commonly used. The saline solutions were prepared in a more con- 
centrated form than that in which they were actually used. Thus 
the MgCls and MgSO, solutions were equivalent to 1.0 M while 
the KeSO, stock solution was 0.6 M, since the latter salt is not suf- 
ficiently soluble in water to yield a solution as concentrated as 
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1.0 M. In all three cases a sufficient quantity of the stock solution 
was used to contribute the equivalent of the salt in 50 cc. of 0.5 M. 
To this was added a quantity of water which, added to the water 
in the dough, would bring the volume of the stock solution up to 
50 cc. and thus render the solution 0.5 M. 

The frozen dough-meal was suspended in the saline solution in 
a centrifuge tube. The trbe was then placed in the centrifuge and 
whirled rapidly for 10 minutes to precipitate all suspended par- 
ticles. The clear liquid was decanted into a Kjeldahl flask. To the 
residue in the centrifuge tube was added another 50 cc. portion of 
the same saline solution (0.5 M concentration), the residue sus- 
pended by vigorous stirring with a glass rod and shaken for an- 
other 30 minute period. The suspension was then centrifuged and 
decanted as before, the decantate being added to that of the first 
extraction. This process of re-extraction was repeated a third 
time. The combined extracts were then subjected to the usual 
Kjeldahl-Gunning method for the determination of protein nitro- 
gen. Since the total protein content of the original flour was 
known it was possible to compute the quantity of protein dispersed 
by these various saline solutions in terms of the percentage of 
total protein present, and the data reported are all recorded on this 
basis. 

As has been indicated by Gortner, Hoffman and Sinclair (1929), 
the proportion of the total protein dispersed by these three salts in 
the concentrations used differed appreciably. They found the pro- 
portion of protein peptized from 12 samples of flour to average the 
least in the instance of K2SO, solutions and the greatest in the case 
of the MgCl. solutions, as far as the three salts employed are con- 
cerned. This same difference in the peptizing effect of the three 
saline solutions was observed in the instance of the two flours 
which were used, although there was less difference between the 
K.SO, and the MgSO, solutions than would be anticipated from 
the averages obtained by Gortner et al with the 12 flours that 
they examined. In view of the large variations of different flours 
upon such treatment it is not difficult to see the possibility of such 
differences when using only two flours as criteria. 

Saline Peptization of Flour as Compared to the Freshly Mixed 
Dough.—In the early stages of this work it seemed logical to make 
a comparison between the peptizing effect when the saline solutions 
were applied to the freshly mixed unfermented dough and to the 
flour itself. The resulting data are given in Table I, and are 
recorded graphically in Figure 1. 
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TABLE I 


Percenraces oF Torat Prorein Exrracrep FROM Fiour Sameres with 0.5 M. Sarr 
Socutions as Comparep to Tuar Exrracrep FROM THE FRESHLY 
Mixep DovuGus or tHe Same Friovur 














Salt Clear Clear Standard Patent Standard Patent 
Solution Flour Dough Flour Dough 
MgCl, 51.40 41.27 32.16 35.85 
MgSO, 37.59 25.84 18.18 16.24 
K,SO, 35.53 24.97 15.58 14.54 
TABLE II 


Percenraces OF Torart Prorein Exrracrep FROM Frozen DouGus wirn Turee 0.5 M. 
Satine SOLUTIONS 











MgCl, MgSO, K,SO, 
Hours Fermentation 0.5 M 0.5M 0.5 M 
Standard Patent Flour Dough 

0 35.85 16.24 14.54 

2% 36.50 16.16 16.08 

5 36.06 18.22 16.16 

Clear Flour Dough 

0 41.27 25.84 24.97 

2% 41.58 24.56 27.13 

5 41.09 ‘ 28.03 27.84 
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It will be observed that the differences between the standard 
patent dough and the standard patent flour were relatively small 
in view of the large experimental error of the method. In case of 
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the clear flour a much larger percentage of the protein was pep- 
tized by all the solvents when they were applied to the flour than 
when applied to the freshly mixed dough. The reason for this 
difference is the case of the low grade flour is not apparent from 
any observations in these experiments. 


Saline Peptization of Doughs Fermented Varying Lengths of 
Time.—Having standardized the procedure in the instance of the 
peptization of doughs the method was then applied to doughs fer- 
mented 0, 2.5, and 5 hours respectively. The resulting values, in 
the instance of doughs made from the two grades of flour, are rec- 
orded in Table II, and are shown graphically in Figure 2. 

It will be observed that no tangible evidence of any substantial 
modification of the protein molecule was revealed by the degree of 
peptization as evident from these data. The small differences noted 
are probably within the range of experimental error of the method, 
which is rather large in dealing with such material as dough. This 
was also true in the instance of clear flour dough, where it might 
be assumed that protease activity would be at a higher level than 
in the standard patent doughs. It is conceivable that certain com- 
pensating variables are operating in the instance of the saline solu- 
tions used in this work which might not appear if some of the 
other salts were employed. A further extension of this study may 
reveal a procedure better suited to a demonstration of protease ac- 
tivity. 

Distilled Water and Buffer Solution Peptization.—\Vhen 
doughs similarly prepared and fermented were treated with dis- 
tilled water as a peptizing medium in place of salt solutions the 
data in Table III were obtained. These data are represented graph- 
ically in Figure 3. 

Here it will be noted that the standard patent flour dough 
yielded about 28% of its protein to the distilled water extract when 
freshly mixed, and nearly twice this quantity or about 52% of its 
protein to the same extraction medium after 5 hours fermentation. 
It is assumed that the difference in behavior of these two doughs 
is occasioned by the operation of two variables at least, these be- 
ing (1) the change in H-ion concentration, and (2) the precipitat- 
ing effects of certain salts or electrolytes in the dough solution. 
Bailey and Sherwood (1923), and Johnson (1925) have shown that 
high grade or patent flour doughs change in H-ion concentration 
much more rapidly than the lower grade or clear flour doughs, due 


to the higher concentration of buffering substances in the latter. 
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From these data, then, one has reason to believe that more of the 
proteins are peptized at the higher H-ion concentration encoun- 
tered in the fermented patent flour dough than in the freshly mixed 
dough. 

Some indication of this effect of H-ion concentration was af- 
forded by the results of a parallel experiment in which a phosphate 
buffer solution (pH =6.8) was used as fhe extraction medium in 
place of distilled water. This solution was prepared by mixing 
a 4% monobasic sodium phosphate solution with a 4% dibasic sodi- 
um phosphate solution until pH =6.8 was reached. Of course it is 
recognized that such an experiment does not establish the role of 
the H-ions in a definite and clean-cut manner, since the phosphate 
and other ions of the buffer solution may effect a precipitation of 
the dispersed proteins. Likewise, certain ions in the clear flour 
(aside from H-ions) may depress the peptization of the clear flour 
dough proteins when treated with distilled water. Thus the buffer 
solution used in the peptization of the standard patent flour dough 
(Table III) tended to simulate the conditions prevailing when clear 
flour dough is extracted with distilled water in the direction of co- 
incidently buffering the solution and introducing certain ions which 
may serve to precipitate proteins that would otherwise be peptized 
as in the standard patent flour dough solution. 


Acetone Dehydration of Doughs.—\WVhile the extraction of the 
proteins of frozen dough proved feasible, this procedure was not 
convenient and entirely desirable. Such material can only be pre- 
served in a frozen state and all of the observations or tests must 
be applied immediately after the material is again thawed. A pro- 
cedure which would enable the analyst to preserve the important 
fractions of the dough for indefinite periods would have obvious 
advantages. 

In other phases of biological work it has been found that moist 
tissues can frequently be dehydrated with acetone and subsequent- 
ly brought into a fine state of subdivision for extraction or other 
manipulation. It appeared possible that a like procedure might be 
developed for use in the study of fermented dough. In developing 
this method it appeared desirable to arrest fermentation by freez- 
ing the dough, and subsequently grinding this dough into the ace- 
tone, which reagent was then afforded an opportunity to remove 
the major portion of the water in the dough. A preliminary experi- 
ment was conducted to determine the quantity of residue that 
would remain after treatment with acetone. 








494 PROTEOLYSIS IN BREAD DOUGHS Vol. 7 


TABLE III 


PercentaGe or Torar Prorein Exrractrep From Frozen Dovucus sy Distirtep WATER 
AND A Sopium Puospuate Burrer So_ution (pH=6.8) 











Distilled Buffered 
Hours Fermentation Water Sulution 
Standard Patent Dough— 
n 0 27.72 20.20 
2% 32.55 20.24 
5 51.92 18.09 
Clear Flour Dough— 
0 24.78 
2% 23.90 
5 24.33 








A quantity of the dough equi- 


























$$ + 

| : , valent to 6 gm. of the original 

) 4 ) flour was weighed from the froz- 

| | /| en and powdered material. This 
aS}+ 1 + frozen dough-meal was placed in 
x | Pf | a 100 cc. beaker and 75 cc. of 99% 
t acetone added. This mixture was 

l Pd | allowed to stand in the refrigera- 
oe ; tor at a temperature of -17+°C. 
a er i | for 24 hours, being stirred occa- 
4 ae ft T sionally during the early part of 
& os =a | the period. The acetone was then 
@ |) oe = carefully decanted and the dough 
= ol | | residue collected on a watch glass 
hours FERMENTATION—> , and dried in a current of warm air 
aaa for 30 to 45 minutes. The weights 


Figure 3. Percentages of total protein of the residue thus obtained from 
extracted from frozen doughs by 
distilled water. both the standard patent flour 


dough and the clear flour dough are recorded in Table LV. 


TABLE IV 


Resipvat Weicurs or Doucus Eavivatent to 6 GM. or Oricinat Frour APrrer 
DeHYDRATION witH ACETONE 














Hours Fermentation Clear Flour Dough Standard Patent Dough 
0 6.00 6.03 
2% 6.01 6.00 


6.00 5.99 





It will be noticed that the largest variation from 6.00 gm. ob- 
tained from both the standard patent and clear four dough was not 
more than 0.03 gm. It ‘was accordingly concluded that a 6 gm. 
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charge of dehydrated dough would be approximately equivalent to 
6 gm. of the flour computed on a 15% moisture basis. 

The acetone which had been in contact with 172 gm. of dough 
for 24 hours was placed in a Kjeldahl flask and the nitrogen deter- 
mined in the usual manner. Determinations on the acetone from 
two different dough samples yielded titrations of 0.5 and 0.6 cc. of 
N/14 acid, including the reagent blank of 0.4 cc. Considering the 
large quantity of dough subjected to each manipulation, it was con- 
cluded that the amount of nitrogen removed by the acetone was 
negligible. 

On the basis of these preliminary experiments, the following 
procedure was adopted: 


Aliquots of dough which had been fermented for varying 
periods of time were frozen at —17+°C., and ground in the 
frozen state with a meat grinder as before. This ground, froz- 
en dough-meal was placed in a beaker and 800 cc. of 99% 
acetone added. This mixture was allowed to stand in a re- 
frigerator at —17+°C. for 24 hours with occasional stirring. 
The acetone was then decanted and the residue collected and 
dried in suitable shallow containers. The dry material was 
then ground to the fineness of flour by passing it several times 
through a burr mill or until it was possible to pass it through 
a 1OXX flour bolting cloth. 


Material thus prepared could be subjected to treatment in es- 
sentially the same manner as the original flour. 


Peptization Experiments on Acetone Dehydrated Doughs.— A 
series of doughs was then dehydrated and subjected to study in 
the same manner as in the instance of the “frozen dough” experi- 
ments, with the data recorded in Tables V and VI, and graphically 
shown in Figures 4 and 5. 

Figure 4 should thus be compared with Figure 1, and it be- 
comes apparent that the several saline solutions extract almost 
identically the same proportion of the total protein in the acetone- 
treated dough as was extracted from the frozen doughs. It will 
be noted that by this treatment the same differences occur between 
the clear flour and clear flour dough as in the case of the frozen 
doughs. 

In the studies of the effect of fermentation (Table VI and Fig- 
ure 5) some differences appear between the acetone treated doughs 
and the frozen doughs (Compare Figure 2). 
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Percentaces or Tora 


TABLE V 


Vol. 





7 


Prorein Exrracrep From Friour Sameres with 0.5 M Sarr 
So.tutions as Comparep To THar ExtraAcrep FROM THE FRESHLY- 


Mixep Acetone-Denypratep Dovcus 














Salt Clear Clear Standard Patent Standard Patent 
Solution Flour Dough Flour Dough 
MgCl, 51.40 42.49 32.16 35.36 
MgSO, 37.59 25.26 18.18 16.17 
K,SO, 35.53 24.55 15.58 14.98 
TABLE VI 


Percentaces OF Torat Prorein Exrracrep FROM AcrTroNe-Denypratrep Dovucus 
Wuicu Were Fermentep VAryinc Lenocrus or Time 














Hours fermentation MgCl, MgSO, K,SO, 
Standard Patent Flour Dough— 
0 35.36 16.17 14.98 
2% 31.54 13.53 11.73 
5 32.99 16.16 14.50 
Clear Flour Dough— 
0 42.49 25.26 24.55 
2% 36.85 23.18 20.63 
5 39.76 25.55 24.15 
sg bp ————— ————— - 
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Figure 4. Percentages 
extracted from flour 
M salt solutions as 


extracted from the freshly-mixed, ace- 
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° 2k 5 
HOURS FERMENTATION-— 


——"“CLEAR FLOUR DOUGH 


of total protein ——— — STANDARDS PATENT FLOUR DOUGH 
samples with 0.5 Figure 5. Percentage of total protein 
compared to that extracted from _  acetone-dehydrated 


tone-dehydrated doughs. lengths of time. 


doughs which were fermented varying 


The percentage of total protein extracted from dough fer- 


~ 


mented 5 hours was again about equivalent to that extracted from 
the freshly-mixed dough as in the instance of the frozen doughs. 
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For some reason which is not apparent the percentage of total 
protein peptized in doughs fermented 2% hours is somewhat less 
than in the instance of the freshly-mixed doughs. If this had ap- 
peared in the case of only one or two of the doughs of the series 
of six it might have been attributed to experimental error, but since 
it appears so consistently in all six of the doughs it appears that 
there must be some cause operating that is not disclosed in these 
observations. 

Disregarding this seeming depression of peptizable proteins 
at the 24%4 hour fermentation interval, the data seem to indicate 
that again there is no evidence of a substantial modification of the 
proportion of peptizable proteins in a five-hour fermentation per- 
iod, in the instance of these acetone-dehydrated doughs. 

It appears that this method of preparing fermented doughs 
for biochemical study may prove very convenient and valuable in 
various phases of such research. The preparations when made will 
no doubt be available for use over extended periods of time, pos- 
sibly indefinitely. The dehydrated dough thus obtained is easily 
disintegrated to a fine state of subdivision with ordinary grinding 
appliances, which greatly facilitate the ease and exactness of sub- 
sequent extraction and other manipulation. 

It is interesting to note in this connection that the yeast cells 
evidently were not killed by this treatment, for under certain con- 
ditions they would induce vigorous fermentation. A series of tubes 
containing the centrifuged residue from saline extractions was ac- 
cidently left over night without cleaning. The next morning the 
tubes that had been extracted for a total of 1% hours with O.5 M 
MgS0O,, which one would ordinarily assume to be toxic to the yeast 
cells, were found to contain the top half of the former residue half- 
way up the tube. In the case of doughs extracted with MgCl» and 
KeSO, no fermentation was observed. This indicates it is the com- 
bination of the Mg** and SO, ions that stimulated the yeast 
action, since no fermentation occurred in doughs which were ex- 
tracted with distilled water. This seems to eliminate the idea that 
the other salts simply hindered the growth of the yeast. If these 
tubes were allowed to remain another day all the residue that had 
not been treated with MgSO, developed an abundance of common 
moulds such as Rhizopus and Penicillium. The MgSO, dough resi- 
dues, however, would not develop these moulds as the yeast seemed 
to get ahead of them. These experiments were repeated several 
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times with identical results, even to the height to which the fer- 
menting dough rose in the tube overnight. 


A Study of Doughs with Added Protease.—Ford and Guthrie 
(1908) demonstrated the deleterious effects of even small quantities 
of proteolytic enzymes on gluten. It appeared possible that the in- 
troduction of such enzymes into dough might raise the proteolytic 
activity to such a level that it could be easily measured by peptiza- 
tion with these saline solutions. If differences then appeared at 
various fermentation intervals, one would be convinced that this 
method is capable of detecting such changes in the protein mole- 
cules and also that no similar changes are taking place in the or- 
dinary bread dough to which no protease is added. If, however, no 
substantial changes were detectable it might mean that this method 
is not capable of measuring such changes in the protein structure 
as take place in these doughs, or it might mean that the effect of 
the added proteases on the chemical structure of the gluten pro- 
teins is negligible, although the colloidal and physical properties 
are substantially altered. 

Accordingly three doughs were mixed from the same standard 
patent flour that was used in previous experiments. Aside from the 
addition of the enzymes the doughs were prepared in exactly the 
same manner as before. One 300 gm. control dough was mixed 
and aliquoted into three equal portions. Two of these portions 
were baked according to the Standard Experimental Baking Test 
(Blish, 1928). One-third of the remaining aliquot was spread out 
in a thin layer on a greased glass slab and frozen as in previous 
experiments. The remaining two-thirds of the aliquot was fer- 
mented an additional 2% hours in an air thermostat at 30° C., and 
half of that in turn frozen. The remaining portion was fermented 
2% hours longer, or a total of 5 hours, and likewise frozen. 

To the second dough an equivalent of 0.01% pepsin was added, 
or 10 mg. of pepsin to every 100 gm. of flour used. Scale pepsin was 
first dissolved in distilled water so that 10 cc. would contain 30 mg. 
pepsin. A 10 cc. portion of this pepsin solution was added to the 
dough before mixing and this water compensated for in the addi- 
tion of the rest of the requisite water. This dough was aliquoted 
as in the instance of the control, thus baking two portions and fer- 
menting and freezing the third. 


A third dough was made up in the same manner as the control 
with the addition of an equivalent of 0.5% of Diamalt which had 
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been manufactured in such a manner as to avoid inactivating the 
malt enzymes. This dough was treated like the other two. 

With this quantity of added enzymes no apparent change in 
the physical properties of the dough could be noted as fermentation 
progressed, except for the usual slackening that occurs in all 
doughs while ripening. 

This dosage of pepsin did not seriously impair the bread- 
making qualities, as the following tabulation of the baking test 
data shows: 

TABLE VII 


Baxinc Test Dara or Conrrot, Persin, ann DiamAtt Dovucus 











Loaf ’ Color 
Volume Score Texture Grain 

410 

Control 405 98y 99 99 
455 

Pepsin, 0.01% 450 98y 97 97 
430 

Diamait 0.5% 4090 96y 80 80 





In the instance of the pepsin dough, an average increase of 45 
cc. (about 10%) in loaf volume was experienced and the grain 
and texture were nearly equal to the control. The Diamalt dough 
had a poorer grain and texture, which rendered the crumb some- 
what darker in color. 

The frozen portions of these doughs were ground up and de- 
hydrated with acetone as before. It was decided to limit the pepti- 
zation studies of these doughs to one saline solution until larger 
discrepancies were encountered. K2SO, solution was employed, as 
it is the one most commonly used in peptization work. The same 
concentration was used as before, namely, 0.5 M. 

In the case of the control dough the same depression occurs in 
the amount of peptizable proteins at the 2% hour fermentation in- 
terval as was pointed out in the instance of acetone-dehydrated 
doughs fermented 0, 2%, and 5 hours. A slight increase in this 
fraction was experienced in the other two doughs as fermentation 
progressed. An increase from 10.7% total protein peptized to 
13.7% occurred in the .ase of the pepsin dough from the time the 
dough was first mixed until it had fermented 5 hours. In the Dia- 
malt dough the increase in the amount of total protein peptized 
ranged from 14.4% in the freshly mixed dough to 18.0% in the 5 
hour dough. These results appear in Table VIII and Figure 6 
together with other data, which will be discussed later. 
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TABLE VIII 


Percenraces or Torat Prore;n Exrracrep sy 0.5 M K,SO, So_uTion From a CONTROL 
Dovcu ANp FROM Dovucnus to Wuicn Enzymes Were Appep 











Hours Control 0.01% Pepsin 0.02% Pepsin 0.05% Diamalt 
Fermentation Dough Doug Dough Doug 
0 14.98 10.68 10.69 14.45 
2% 11.73 12.83 11.56 16.21 
5 14.50 13.71 12.50 18.05 





These data show that if there 
4 are any changes in the structure 
J | | of the gluten proteins occasioned 





by the action of these added pro- 
teases during the time of fermen- 
tation of bread dough, this me- 
thod of peptization is not capable 
of demonstrating them. It is con- 














aan poy ceivable that such proteases as 
——enrneneuee pepsin and those found in Dia- 


Figure 6. Percentages of total protein Malt are not capable of cleaving 
extracted by 0.5 M K2S0Os solution from 


a control dough and from doughs to the protein molecule into simple 

a See eee eee enough forms to be differentiated 
from the native proteins by such peptization. These experiments 
also indicated that the pepsin dosage used might not be sufficiently 
large to bring about any substantial change. These experiments 
were therefore repeated, using twice as much pepsin as in the first 
instance, or an equivalent of 0.02% pepsin. 

The pepsin dough in this instance became more slack as fer- 
mentation progressed than did the 0.01% pepsin dough. In han- 
dling the doughs the operator was able to discern differences ef- 
fected by this amount of added protease. The bread baked from 
this dough was not rendered inferior as to volume, grain, and tex- 
ture by this treatment, as the baking test data show in Table IX. 
These doughs were re-baked on two different days and the same 
results obtained. As a supplementary study on the addition of pro- 
teases to bread doughs, doughs containing 0.035% pepsin and 
0.02% trypsin were baked in order to determine the effect of larger 
quantities of proteases. 

In all cases the bread containing proteases had a larger loaf vol- 
ume than did the control. The grain and texture were also as good 
as the control, with the exception of the dough to which 0.035% of 
pepsin was added. It is probable that the smaller amounts of 
proteases (up to 0.02%) tend simply to soften the gluten and thus 
increase its elasticity toward expansion without affecting the qual- 
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ity of the gluten. Quantities of pepsin larger than 0.02% possibly 
have a weakening effect upon the gluten, thus hindering its gas- 
retaining capacity and in turn producing a poorer loaf of bread. 
The 0.02% pepsin dough was subjected to the same K2SO, peptiza- 
tion as the previous doughs. These data are included in Table IX. 


TABLE IX 


Baxinc Test Data or Breap ConTaininc Appep PrRoTeases 











Loaf 
Volume Texture Grain 

ee. 

Control 430 
440 99 98 

Pepsin 0.01% 490 
495 99 99 

Pepsin 0.02% 490 
480 98 99 

Pepsin 0.035% 465 
465 90 90 

Trypsin 0.02% 465 
‘ 475 99 98 





In the pepsin dough that had been freshly mixed 10.6% of the 
total protein was peptized by the KsSO, solution. This value 
increased to only 12.5% in the dough that had fermented 5 hours. 
These data show that the two pepsin doughs, containing 0.01% 
and 0.02% pepsin, exhibited very nearly the same behavior, within 
the range of experimental error, toward this peptizing medium, 
even though the colloidal and physical properties of the dough 
were different. It is possible that these changes in colloidal prop- 
erties are not accompanied by sufficient alteration of the chemical 
character and properties of the gluten proteins to be detected by 
this means. 

To partially confirm this latter statement, the Sgrenson formol 
titration was tried on the same material. The method used was 
that described by Cairns and Bailey (1927). A suspension of 12.5 
gm. of dough in 100 cc. of toluene-water was agitated for 30 min- 
utes in a mechanical shaker. The suspension was then whirled 
rapidly in a centrifuge for 10 minutes, and 50 cc. of the clear 
solution used for the titration. The solution was titrated to a 
distinct pink with phenolphthalein as the indicator. To this was 
added 10 cc. of a 40% fcrmaldehyde solution (which had also been 
neutralized to phenolphthalein) and the solution again titrated 
with 0.1N NaOH. The results obtained were multiplied by 4 so as 
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to read in milligrams of amino nitrogen per 25 gm. of dough. The 
resulting data are recorded in Table X. 


TABLE X 


Miciicrams oF Amino NirroGen ver 25 Grams or Dovcu DetrerMINED IN THE WATER 
Extract BY Séxrevson’s Formor Tirration MeEruop 











Hours : 
Fermentation Control 0.02% Pepsin 0.5% Diamalt 
0 4.20 3.92 4.48 
2% 1.64 1.64 2.24 
5 1.64 1.64 2.80 





These data show that there is but little nitrogen in the form 
of free amino acids even in doughs to which enzymes have been 
added. It is evident that this method is of little value in measuring 
proteolysis in bread doughs. Even though some free amino groups 
might be liberated during fermentation, the increase does not 
appear here. It will be noted that there is an actual decrease ia 
free amino groups as fermentation progresses. The yeast present 
in the dough may have utilized these free amino acids in its meta- 
bolism, and at a rate exceeding their appearance in the dough in 
consequence of protease activity. 

As pepsin does not carry proteolysis farther than the protease 
and, at the limit, the peptone stage, it seemed advisable to use an 
enzyme capable of hydrolyzing proteins to the amino-acid stage. 
If differences then occurred between the control and trypsin 
doughs as to the amount of protein peptized, one could conclude 
that this method is capable of measuring such a change, and also 
that no change paralleling this is taking place during the fermen- 
tation of an ordinary bread dough. Trypsin is an enzyme of this 
nature, so a dough containing an equivalent of 0.02% of this 
enzyme was mixed, along with a control, and frozen as before. 
These samples were extracted with distilled water and with 0.5 M 
K*SQO, solution. These results are given in Table XI and Figure 7. 
In the doughs that were extracted with distilled water the same 
increases in the amount of peptizable proteins were observed as 


fermentation progressed as in previous experiments. It is interest- 
ing to note, however, that the differences between the control and 
trypsin doughs, as to the amount of peptizable proteins, were rela- 
tively small. In the water extractions taken at the beginning of 
the fermentation period differences occurred between the control 
and trypsin doughs of less than 0.6% of total protein extracted, 
rising to only 1.87% and 3.62% in the 2% and 5 hour doughs 
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respectively. The K2SO,4 extractions yielded differences less than 
0.9%, rising to only 1.44% in both the 2% and 5 hour doughs. 
From these data it seems evident that this method is of little value 
in determining the possible degradation products that may be 
formed during the period of ordinary bread dough fermentation. 


Precipitation of the Primary Proteins by Salts of Heavy 
Metals.—At this point it became necessary to try other methods 
directed toward a means of detecting such differences in the pro- 
teins as may occur during fermentation. The value of salts of 
certain of the heavy metals for precipitating protein-like mate- 
rials has long been known. Olsen and Bailey (1925) modified 
Scherning’s SnCle method for precipitating the primary proteins. 
This method was also used by Cairns and Bailey (1927) in studying 
the proteoclastic activity of flour. 

Samples, weighing 12.5 grams, of the control, pepsin, and 
Diamalt doughs were suspended in 100 cc. of toluene-water and 
shaken for 30 minutes in a mechanical shaker. To this was added 
10 cc. of the stannous chloride reagent and a few drops of brom- 
cresol purple. A 5% solution of sodium hydroxide was added until 
the solution acquired a faint blue color. The solution, after being 
made up to 250 cc., was filtered. A few drops of HCl was added 
to the filtrate, followed by a sufficient quantity of 5% NaOH to 
produce a clear solution. After refiltration 50 cc. aliquots were 
used for the nitrogen determination of the constitutents not pre- 
cipitated by the tin reagent. It is of importance that the solution 
be neutralized carefully or difficulty will arise in filtration. When 
the first tint of blue is noticed the optimum point is reached. 
An excess of deficiency of as little as 2 or 3 drops of the neutraliz- 
ing solution will cause much difficulty. This procedure was applied 
to control, pepsin, and Diamalt doughs fermented up to 5 hours, 
and the data are presented in Table XII and Figure 8. 

In the doughs to which enzymes had been added more nitro- 
genous material escaped precipitation than in the instance of the 
control. The pepsin dough showed the greatest increase, as fermen- 
tation progressed, in the percentage of total protein not precipitat - 
ed by the tin reagent, while the rates of increase in the control and 
Diamalt doughs were nearly equal and of small magnitude. It will 
be observed that the results here are expressed as percentages of 
the total protein present in the solution and not as percentages of 
total protein in the dough, as the non-protein nitrogen usually is 
expressed, thus making small differences as recorded here less 
significant. 
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TABLE XI 


Percenrace or Torat Prore:r~n Exrracrep From Controt AND Trypsin DovuGus 
with 0.5 M K,SO, anno DistittEp WarTeErR 




















Distilled water 0.5 M K,SO, 
extractions extractions 
Hours 
Fermentation Control Trypsin Control Trypsin 
0 16.35 16.90 8.46 9.28 
2% 18.37 20.74 7.45 8.89 
5 23.82 27.44 7.65 9.09 
TABLE XII 


Percentace or Torat Proretn Nor Preciritratep spy Tin Reacent 

















Hours 
Fermentation Control Pepsin 0.01% Diamalt 0.5% 
9 11.6 15.2 15.7 
5 2.7 19.7 17.4 
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Blish (1918) has stated that some of the peptide nitrogen is 
not removed when the true proteins are precipitated with CuSOx,. 
This method described in his paper was tried, but the successive 
dilutions that must be made were so great that the sample con- 
tained too little nitrogen for accurate analysis. A similar method 
described by Cairns and Bailey (1927) as a modification of Ritthau- 


sen’s method was used instead. 
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A 25 gm. sample of flour was shaken in 100 cc. of toluene- 
water for 30 minutes and 50 cc. of the centrifuged extract placed 
in a 100 cc. volumetric flask. To this was added 15 cc. of 0.5 N 
NaOH and enough 0.5 N CuSO, to change the color (in the pres- 
ence of phenolphthalein) from a red through purple and blue to 
a green color. The addition of the correct amount of CuSQ, is very 
important in this case in orcer to make possible a rapid filtration. 
A control and a 0.02%: pepsin dough were used in this procedure 
and the results are given for the freshly-mixed dough and for a 
dough that had been fermented 5 hours. (Table XIII, Figure 9.) 


TABLE XIII 


Per Centr Torar Prorein 1n AQueous Extracts OF AN OrpinAary DovuGu anp a DovuGu 
ConrTaininGc 0.02% Persin Nor Precipirarep spy Correr Hyproxipe 











Hours 
Fermentation Control 0.02% Pepsin 
0 4.2 3.2 
5 5.2 8.5 








In the nitrogen determination 
the actual titration was multi- 
plied by 8 to give the above re- 
sults. Thus the small changes in 
the control dough could possibly 
fall within the range of experi- 
mental error, but it is obvious 
that the changes encountered in 
the pepsin dough are significant. 
The fact still remains, then, that 





there is no evidence of any sub- 








PERCENT TOTAL PROTEIN IN FILTRATE 


stantial modification of the chem- 





° by ; , 

HOURS FERMENTATION—— ical structure of the gluten pro- 
——— CONTROL DOVEH STANDARD PATENT . , * : A = 
malate ~eninateonenngees 4 ‘a teins in the fermentation of an 


Figure 9. Percentage of total protein in J Xs : 
aqueous extracts of an ordinary dough ordinary bread dough. The amino 


and a dough containing 0.02% pepsin 

not precipitated by copper hydroxide. nitrogen in the same extract was 
determined by the Sérenson titration method, and in no case were 
values obtained larger than 2.3 mg. of nitrogen per 25 gm. of 
dough. As before indicated, the amount of free amino nitrogen 
also diminished in this case with fermentation. From this it is 
evident that the nitrogen not precipitated by the copper is of a less 
complex nature than the true proteins but still in a form more 
complex than the free amino acids. 
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Determination of the Proteins Precipitated by Alcohol from 
a Water Extract.— When a sample of flour is extracted with water, 
and ethyl alcohol is added to the clear extract until a high enough 
concentration of the latter exists, some of the water-soluble mate- 
rial will precipitate. Because of the overlapping solubilities of the 
different proteins it is possible that these water extracts contain 
several of the wheat flour proteins, most probably albumin and 
leucosin. Bailey (1925) has stated that leucosin is soluble in pure 
water, and is relatively insoluble in aqueous alcohol solutions. 
Possibly the portion precipitated in this instance is mostly leucosin. 
In order to determine if any differences would appear in this frac- 
tion, an experiment was conducted in the following manner: A new 
set of doughs was mixed, one containing 0.02% pepsin, and a con- 
trol dough. These were fermented, frozen, and dehydrated as 
before. To 10 gm. of each sample 100 cc. of toluene-water was 
added and the suspension shaken for 30 minutes in a mechanical 
shaker and centrifuged. The clear liquid was decanted into a liter 
beaker and the residue extracted again with 90 cc. of water and 
added to the first extraction. In order to determine the concentra- 
tion of alcohol needed to precipitate the proteins in question, four 
aliquots were taken from each of two samples and mixed with 
alcohol in the following proportions: 

(1) 75 cc. extract + 25 cc. ethyl alcohol 

(2) 50 cc. extract + 25 cc. ethyl alcohol 


(3) 25 cc. extract + 25 cc. ethyl alcohol 
(4) 25 cc. extract + 50 cc. ethyl alcohol 


In the first two instances no precipitation resulted, but in (3) the 
solution became quite turbid. In (4) the precipitation seemed quite 
complete. Thus, having determined the minimum concentration 
necessary, these solutions were again added to their original sam- 
ples and by the addition of 95% alcohol the concentrations of all 
the samples were adjusted so that each beaker contained 2 parts 
of alcohol to one part of extract by volume, or 662/3% alcohol. 

This mixture was allowed to stand overnight in a refrigerator 
at 5+ °C., and filtered at the same temperature, the residue being 
washed several times with 66% alcohol previously cooled to 


TABLE XIV 


Me. Nrrrocen Precipeirarep sy 66% Atconor rrom Warer Extracts or 10 cm. Dovcu 








Hours fermentation Control Pepsin 


0 8.2 3.6 
5 





2% 3.8 4.3 
5.3 4.8 
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5+°C. The nitrogen in the residue and filter were determined by 
the usual Kjeldahl-Gunning method. A blank with the same filte1 
paper was determined and subtracted from the reading. The data 
are recorded in Table XIV. 

Although the precipitate was fairly bulky the nitrogen content 
was very low, as the data indicate, and therefore does not lend much 
information to this study. The very slight increase in this fraction 
as fermentation progresses is no doubt due to the fact that more 
protein is present in the extract from the fermented dough and 
consequently more is precipitated by the alcohol. If the amount 
of nitrogenous material precipitated by this' method were large 
enough to be significant this experiment would have been repeated, 
determining the nitrogen content of the original.extract, but these 
results do not justify such an experiment. However, this experi- 
ment indicates that no substantial change in this fraction accom- 
panies fermentation. 


The Hausmann Method.—Although the Hausmann method is 
used most frequently for the determination of the nitrogen distri- 
bution in a pure protein, it has also been used for material that is 
not a pure protein. Blish (1916) used this method for determining 
the distribution of nitrogen in wheat flour. He pointed out that 
the addition of starch to the flour effected changes in the distribu- 
tion of the nitrogen. 

Two doughs were mixed: (1) a control and (2) a 0.02% trypsin 
dough, and frozen and dehydrated as before. The Hausmann 
method was then applied to these doughs as follows: A total 
nitrogen determination was made on the dehydrated dough and 
the number of milligrams of nitrogen in 10 gm. of dough was 
calculated. A 10 gm. sample was hydrolyzed in a small Kjeldahl 
flask for 24 hours with 75 cc. HCl (sp.gr. 1.125). The hydrolysate 
was then concentrated in a vacuum still until as much HCl as 
possible was removed. After adding water, ethyl alcohol, and 
excess Ca(OH )s, the ammonia nitrogen was distilled into standard 
N/14 acid at a temperature of 45°-50° C. The residue in the flask 
was filtered and washed with hot water until no test for chlorides 
was obtained, and the nitrogen determined on the residue and filter. 

At this point a slight variation in the Hausmann procedure 
was employed. Several determinations were either lost or seriously 
in error due to the difficulty encountered in determining the nitro- 
gen in the phosphotungstic acid filtrate received in working with 
such material as dough. Thus a similar procedure to that used by 
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Gortner (1913) was employed, in which the total nitrogen was 
determined on aliquots from the humin filtrate. Gortner repre- 
sented the total nitrogen in the sample as the sum of the nitrogen 
obtained from the ammonia fraction, the humin precipitate, and 
the humin filtrate. In this work this method was also used, as it 
was found difficult to take a sample of the original hydrolysate 
due to the large quantity of non-protein material present. The 
values for the nitrogen in the phosphotungstic acid filtrate were 
also obtained by subtracting the nitrogen in the bases from the 
total nitrogen of the humin filtrate. In this manner better results 
were obtained. The data appear in Table XV. 


TABLE XV 


NirroGen Disrrisution tn Contrort ANv 0.02% Trvyesin Dovucus 











Hours NH,N Humin N Basic N Nom-basic N Total 
Fermentation % % % % 

Control 0 19.0 8.8 7.6 64.9 100.3 
Control 2% 17.8 10.0 9.5 62.3 99.6 
Control 5 18.4 9.8 10.1 60.0 98.3 
Trypsin 0 18.4 6.7 8.1 59.4 92.6 
Trypsin 2% 18.2 7.8 9.3 63.4 98.7 
Trypsin 5 17.8 3.9 9.8 61.5 93.0 





The results presented here are not so accurate as are usually 
obtained by the Hausmann method when applied to a pure protein, 
but a bird’s-eye view of the whole table shows quite definitely 
there is no substantial alteration of any of these fractions during 
the fermentation of either dough. It should not be expected that 
very significant differences would occur in the various fractions. 
It is improbable that proteolytic enzymes in dough, whether they 
are originally present in the dough ingredients or added separately, 
would bring about any changes or degradations in the protein 
molecule other than would be subsequently produced by the 
hydrolysis with the strong hydrochloric acid used. 


The Viscometric Method.—Johnson, Herrington and Scott 
(1929), and Collatz (1922) have suggested the possibility of using 
the viscometric method for studying proteolysis in fermenting 
bread doughs. In their studies flour-water suspensions were used 
which were subjected to extended autolysis. With such a procedure, 
the viscometric method revealed changes taking place in the flour 
proteins. 


In a bread dough yeast is added which may or may not supply 
proteases to increase proteolysis. Sharp and Gortner (1924) have 
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pointed out another effect of yeast upon the viscosity of ferment- 
ing doughs. The doughs to which no yeast was added did not show 
any changes in viscosity during 5 hours fermentation that were 
greater than the experimental error. A marked increase in viscos- 
ity, however, was observed in the instances of dough containing 
yeast. This increase they attribute to the imbibitional capacity of 
the gluten. In all cases a maximum viscosity was experienced 
between 2% and 3 hours fermentation. 

Two standard patent flour doughs were mixed, fermented 
varying lengths of time, and frozen as before. One of these was 
dehydrated with acetone and the other ground to a fine powder 
in a meat grinder. Viscosity determinations were then carried out 
in the following manner: A sample equivalent to 21 gm. of the 
original flour was weighed and placed in a mortar. By adding 100 
cc. of water very slowly and with continued stirring this quantity 
was diluted to a thin paste. To this paste 900 cc. of water was 
added and allowed to stand 45 minutes with occasional shaking. 
The material was allowed to settle and the top liquid decanted and 
discarded. To the residue 500 cc. of water was added and allowed 
to stand for an additional 15 minutes. After decantation of this 
water the residue was made up to 100 cc. and the viscosity deter- 
mined on the Wallace and Tiernan Viscosimeter, after the addition 
of 0.5 cc. of 20% lactic acid. After a determination a portion of the 
material was removed and replaced by the same volume of water. 

Similar determinations were made with equivalents of 18, 15, 
12, and 9 gm. of flour per 100 cc. solution. In Table XVI the viscos- 
ities of the fermented doughs are indicated and are compared with 
the viscosity of the same flour. (Figures 10 and 11.) It will be 
noted that the viscosities of the doughs are less than those of the 
flour used in their preparation. The frozen dough in this instance 
gave larger viscosity readings as fermentation progressed up to 5 
hours. With the acetone-dehydrated doughs the viscosity is great- 
est at the 2% hour interval and falls off again with longer fer- 
mentation. This is in accoidance with the findings of Sharp and 
Gortner in working with s mple suspensions of fermented doughs. 

The value of this viscometric method for studying small 
changes in the bread dough proteins is rather limited, since other 
factors, such as the effect of yeast on the imbibitional properties of 
the gluten proteins, tend to have a greater effect on the viscosity 
than the actual degradation of the proteins. Unless these other 
effects were standardized, it would be very difficult to definitely 
attribute any changes to protolysis. If yeast were simply omitted 
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from the dough formula for a reference basis of the imbibitional 
effect, one would not be dealing with the same conditions encoun- 
tered in a bread dough. 

In these experiments it has been noted that the final volume 
of the leached solution increased as fermentation progressed. After 
5 hours of fermentation it was found difficult to reduce the residue 
to 100 cc. volume. In the instance of doughs which had been frozen 


TABLE XVI 


Viscosiries OF Frozen anv Denypratep DouGus ANp THE OriGINAL FLour 








Grams in 100 ee. 21 18 15 





Hours 
Fermentation 


Flour 


Frozen dough 
Frozen dough 
Frozen dough 
Flour 


Dehydrated dough 
Dehydrated dough 
Dehydrated dough 





é 


DEGREES Wane TT? 





DEGREES Wane T ” 
BSw EERIE RES 





2 1a is 
GRAMS iN 100 ¢.c4.——>— 


2 5S HOUR SOvGH REPEATED 





2) 18 is 
GRAMS IN 100 CC Figure 11. Viscosities of acetone-dehy- 
Figure 10. Viscosities of frozen doughs drated doughs fermented O, 2% and 5 


fermented 0, 2%, and 5 hours, and the hours and the viscosity of the same 
viscosities of the same flour. flour. 
immediately after mixing, the gluten would not disperse on dilution 
to the same state of fineness as did the fermented dough gluten, 
but would tend to cohere and thus occupy smaller volume. These 
observations tend to suggest that the H-ion concentration may 
be the factor operating to produce such changes. 
Doughs containing yeast and no yeast were mixed and pre- 
pared in the usual manner and the viscosities determined as 
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described above. In the yeast dough the viscosity reached a max- 
imum at the 2% hour interval and fell off again at the 5 hour 
interval. In the case of yeast-free dough, using the same pro- 
cedure, it was very difficult to effect the dispersion of the gluten, 
and the resulting volume of the final residue was very small. The 
viscosity readings thus obtained from all stages of fermentation 
were below the range of dependability of the viscosimeter. The 
largest reading obtained was 4° W.&T., and no increase noted with 
fermentation greater than the probable error. 

To partially establish the role of H-ion concentration in pro- 
ducing such differences in viscosity between yeast and no-yeast 
doughs, 3 doughs were mixed as follows: (1) ordinary yeast 
dough; (2) yeast-free dough; and (3) a yeast-free dough contain- 
ing 2 cc., of 0.1 N lactic acid per 100. By this treatment the H-ion 
concentration of the third dough mentioned was brought to pH = 
5.1. The viscosity determinations of these doughs are recorded in 
Table XVII and Figure 12. 


TABLE XVII 


Viscosiry Cuances or Dovucnu Errrctrep sy Yeast AND Lactic Acip Expressep 
IN DeGrees—WALLACE AND TIERNAN 








Grams in 100 cc. 21 18 





Hours 
Fermentation 
Yeast dough 0 
Yeast dough 2% 
Yeast dough 
Yeast-free dough 
Yeast-free dough 
Yeast-free dough 
Yeast-free dough+2 ec. 
lactic acid 


bo 


to 


12.0 ¢ 4.0 
10.7 , 4.0 


“Nm et wo Ow @ 


™ bo 
ow 





Again the yeast-free doughs 
yielded viscosity readings too low 
to be of much significance. The 
same general results were ob- 
tained with the yeast dough as 
heretofore. The acidulated yeast- 
free dough showed a maximum 
viscosity at the 2% hour interval 
and the usual depression after 5 


DEGREES Wan tT 


“Base epes dy 


4 hours fermentation, thus compar- 
ai 18 is 2 : ° ° 
GRAMS IN 100cc —= ing in general effect with the 


YEAST DOUGH . 
SS ans: aa yeast dough. In this dough the 


—— —NOWEAST BOUGH 


Figure 12. Viscosity changes of dough m"< : ~ caily 
bined tw sank aan teas eae gluten was also much more easily 
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dispersed after fermentation than before. This seems to indicate 
that the ease of dispersion, and possibly the viscosity, does not 
depend on the H-ion concentration of the dispersion medium, but 
on the contact of the gluten proteins with this acid medium during 
the period of fermentation. The fact that all the samples were 
brought to approximately the same H-ion concentration before the 
viscosity determinations by the addition of the strong lactic acid 
tends to substantiate the above statement that the length of the 
period of contact with this acid medium is the important factor. 
In all probability the H-ion effect is not the only factor that 
is in operation in yeast-fermenting doughs to change the viscosity, 
but it may serve as an example, and until such effects are standard- 
ized this method will be of little value in studying proteolysis. 


Wastenys’ and Borsook’s Method (1924) for the Fractional 
Analysis of Incomplete Protein Hydrolysates.—\Vastenys and Bor- 
sook (1924) have been able to divide the constitutents of an enzy- 





Protein Hydrolysate 





v v V 
Metaprotein precipitated by Proteins ppt. by Total nitrogen 
adjustment to pH=—6.0 trichloracetic acid Kjeldahl Method 
Vv 


Proteoses in filtrate precipitated 
by saturation with Na,SO, at 33°C. 





¥ 
Peptones in filtrate precipitated 
with tannic acid. 


! 


Residua! amino acids and simple peptides precipitated * slight modification of the alco- 
hol precipitation methods of Folin and Dennis (1912) a1 ‘an Slyke and Meyer (1912). 


matic hydrolysate of protein into 6 fractions according to their 
relative complexity. The data so far presented in this paper indi- 
cate that some such method as this might be of importance in this 
study to differentiate the more complex protein split-products that 
may be derived by the action of the proteases present from the 
true protein material. A “flow sheet” of the method used by these 
workers is presented below. 

For use in this study doughs from a high grade or patent flour 


and a low or clear grade flour were prepared. A sample of the 
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dough, equivalent to 25 gm. of flour, was extracted with 250 cc. of 
water by shaking for 60 minutes in a mechanical shaker. An 
attempt to concentrate the extract was made by distilling off some 
of the water at a temperature of 50°-55° C. under diminished 
pressure. Such manipulation effected the precipitation of some of 
the dissolved material. For this reason the extract was used in 
the original concentration. In order to express the results of each 
fraction as the percentage of total nitrogen in the extract, the total 
nitrogen was determined on the latter. 

By adjusting the H-ion concentration of an aliquot of the orig- 
inal solution to pH 6.0, the meta-protein fraction is obtained. In 
the case of bread dough extracts, this treatment resulted in no 
visible precipitate, and the filtered solution contained the same 
amount of nitrogen as the original extract. 

In precipitating the native proteins with trichloracetic acid, 
considerable difficulty was encountered. The addition of this acid 
in any quantity resulted in a very stable colloidal sol, which would 
not precipitate on standing or be removed by filtration. After 
numerous trials it was found that by the following procedure the 
precipitation could be effected: To 120 cc. of extract 30 cc. of 10% 
trichloracetic acid was added, thus yielding a solution containing 
2% of this acid. In the instance of the standard patent doughs two 
drops of saturated NaCl was added at this point; this was not nec- 
essary, however, in the case of the clear flour doughs. After stand- 
ing 1 hour the solution was boiled on a water bath for 30 minutes, 
using a reflux condenser to maintain the initial volume. The solu- 
tion was then placed in the refrigerator maintained at 6°C., and 
left overnight. This procedure was very effective in precipitating 
the sol and leaving a clear solution. The solution was filtered and 
the nitrogen determined on duplicate aliquots. This procedure 
involves a modification of that used by Wastenys and Borsook and 
the fraction obtained may not represent the same complexity of 
protein material that they obtained by the use of this reagent. 
Hiller and Van Slyke (1922) have shown that percentages of tri- 
chloracetic acid as high as 5% have a slight hydrolysing effect on 
protein material. In these studies only 2% trichloracetic acid was 
used but the solution was boiled for 30 minutes. How much hydrol- 
ysis was effected by heating was not determined, but all samples 
were treated identically and thus comparisons can be made between 
samples, although this fraction may not represent the amount of 
native protein present. Wastenys and Borsook (1924) have indi- 
cated that the failure of trichloracetic acid to precipitate proteoses 
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is not very widely known. In their hands this reagent failed 
entirely to precipitate proteoses obtained from many widely- 
varying sources. 

The remaining solution was then measured and boiled on a 
water bath for 3 hours to decompose the trichloracetic acid and 
drive off the resulting chloroform and carbon dioxide, after which 
the solution was made up to the original volume. Anhydrous 
sodium sulphate was added at this point until the solution was sat- 
urated. The excess of the salt was held as low as possible to avoid 
the error introduced by the removal of water by the hydrated 
crystals. The volume was again measured and a correction made 
for the increase in volume. The solution was then immersed in 
a large stirrer-equipped water thermostat, and kept at 33° + 0.1°C. 
for 30 minutes. Although 32.5°C. is the temperature of maximum 
solubility, a temperature of 33°C. was maintained, since the transi- 
tion point of this salt from the hydrated to the anhydrous form is 
32.75°C. The small difference in solubility at these two tempera- 
tures is negligible, thus eliminating the error of the abstraction of 
water by the hydrated crystals. The filtration of this precipitated 
material at the same temperature (33°C.) was effected by placing 
a hot-water filter over the thermostat and water of constant tem- 
perature was circulated through the heating jacket. The receiving 
flask in this case was immersed in the bath itself. A definite vol- 
ume of the filtrate was collected and duplicate nitrogen determina- 
tions made. The H-ion concentration of the solution in this pro- 
cedure was not considered because such a “salting-out” would no 
doubt be independent of the H-ion concentration of the medium. 
In order to get the total amount in the original the results hereby 
obtained must be multiplied by the factor 11.5. This factor, being 
rather large, may tend to introduce some error, and thus the values 
here presented are not so accurate as might be desired, but would 
tend to bring to light any drastic changes that might be taking 
place. These data are presented in Table XVIII. 

TABLE XVIII 
Percent or Toran N ww Exrracr ix rue Form or “True Proreix N” 


ano “Protrrose N.” 


Hours True protein N Proteose N 
Fermentation % % 
Standard patent dough 0 65.6 21.8 
Standard patent dough 2% 64.8 21.8 
Standard patent dough 5 65.0 24.3 
Clear flour dough 0 61.9 21.3 
Clear flour dough 2% 62.3 22.0 
5 


Clear, flour dough 


61.5 20.0 





Se 
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It will be noted that only very slight variations occurred between 
doughs fermented different lengths of time. The differences were 
no doubt within the range of experimental error. If the proteins 
were not broken down to the simpler stages, differences in these 
two tractions might be anticipated if any substantial changes were 
taking place. 

The precipitation of the peptones in the NasSO, filtrate was 
carried out as described by Wastenys and Borsook, but the results 
obtained were erratic and of no value. In their work a pure protein 
was used and larger readings could be obtained throughout. With 
such material as a dough extract the nitrogen concentration is too 
low to carry out so many successive manipulations on a single 
sample. The readings obtained were so small that when they were 
multiplied by the factors involved by dilutions the results were 
quite useless. 

Discussion 

Considering all the data available, it would seem that the chem- 
ical structure or degree of aggregation of the gluten proteins is in 
no way altered during the fermentation of an ordinary bread 
dough, so far as can be detected by the methods employed in this 
study. The changes in the physical and colloidal properties of fer- 

..ng doughs, familiar to the experienced baker, cannot be due 
to an actual chemical change, but may be due to a simple dispersion 
of the colloidal complexes in which the protein molecules are left 
unaltered chemically. 

The progressive increase in acidity as doughs ferment no doubt 
causes gradual changes in the dough, which are often attributed to 
proteolysis. This change in acidity may bring about changes in the 
imbibitional qualities of the gluten, thus effecting a possible swell- 
ing and syneresis of the colloidal gluten particles. Such alterations 
could readily account for the changes in viscosity as fermentation 
progresses. 

The fact that such changes in the gluten proteins are taking 
place and still no parallel chemical changes can be detected tends to 
amplify the degree to which colloid chemistry comes into play in 
the making of bread. 


Summary and Conclusions 


Methods for the preparation of doughs for such studies are 
described. 
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(1) 


(2) 
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Fermentation of the doughs was inhibited at varying 
lengths of time up to 5 hours by freezing in a refrigerator 
at 17+°C. The frozen doughs were then ground to a fine 
powder for further manipulation. 

Doughs which had been frozen as in (1) were dehydrated 
with acetone, dried, and ground to the fineness of flour. 
This method proved very useful. 


The experiments and results consist chiefly of the following: 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


Comparisons were made between freshly mixed doughs 
prepared by the freezing method and the original flours 
as to the amount of total protein peptized by 3 saline solu- 
tions. Standard patent flour dough and the same flour 
behave almost identically on such treatment while clear 
flour dough and the same flour behave differently. 

Saline solution peptization of doughs fermented varying 
lengths of time indicated no change in the proteins as 
fermentation progressed. 

Distilled water and buffer solution peptization demon- 
strate the effect of H-ion concentration on the peptization 
of flour proteins. 

Acetone dehydration does not affect the proteins as the 
same results were obtained from acetone-dehydrated 
doughs as from frozen doughs. 

Addition of small quantities of proteases effects no change 
in peptization of dough proteins with salt solutions. 
Stannous chloride precipitations of the true proteins reveal 
no proteolysis during fermentation of an ordinary bread 
dough, but show slight cleavage of the gluten proteins in 
doughs to which Diamalt is added. 

Copper sulphate precipitates more protein material than 
stannous chloride but does not reveal any proteoiysis dur- 
ing fermentation of an ordinary bread dough. Substantial 
changes in doughs to which pepsin was added were 
revealed by this method. 

Alcohol precipitation of the proteins in a water extract 
yields a precipitate low in nitrogen content and this frac- 
tion is not altered by fermentation. 

The nitrogen fractions separated by Hausmann’s method 
are not altered by ordinary dough fermentation of 5 hours. 
Viscometric methods demonstrate changes in fermenting 
doughs but the method needs considerable standardization 
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before it can be of any use in studying proteolysis in bread 
doughs. 

(11) A precipitation of the native proteirs with trichloracetic 
acid and of the proteoses by sodium sulphate reveal no 
changes in the gluten proteins with fermentation. 


(12) Fermentation does not affect the chemical structure of the 
gluten proteins so far as can be detected by any methods 
used in this study. 
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WHEAT PROTEIN TEST DIGESTION STUDIES 
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Although the protein test for wheat and wheat products has 
reached a high degree of refinement, it is not “fool-proof” and has 
its limitations which must be understood from the taking of the 
sample to the interpretation of the result. The relationship of the 
laboratory equipment and the testing method used are very impor- 
tant. The method adopted for regular commercial analysis should 
be that which is least sensitive to the varying and fluctuating fac- 
tors encountered in making the test. Small variations in the 
amount of acid or sulphate measured out for each test, increased 
fume suction, decreased reflux action and a fluctuating heat source 
are factors affecting the concéntration of the digest and their effect 
must be studied. In many laboratories where a high heat is avail- 
able for protein digestion the Gunning method can be used to good 
advantage in terms of simplicity and econoiny ; however, it is neces- 
sary for the chemist to know the limitations of the protein testing 
method he is using in order to know when unreliable results might 
make their appearance. 

Coleman, Fellows and Dixon (1925) obtained data on protein 
digestion with the heat source adjusted to low, medium and high; 
viz., 50, 100 and 150 ce. of water evaporation from 200 cc. in 20 min. 

Harrel and Lanning (1929) secured further information on 
protein digestion using a heat source a little above the high heat 
indicated by Coleman, Feliows and Dixon; viz., 180 cc. of water 
evaporation from 200 cc. in 20 min. 

The following discussion and data is based on a still higher 
heat used for protein digestion ; viz., 210 cc. + 5 cc. of water evap- 
orated from 300 cc. in 20 min. The digestion heat source for this 
work is a standard electric unit (110 V. Gilmer) such as is used in 
many laboratories, and this heat was attained by keeping the unit 
in continuous operation and the block thoroughly heated. A large 
number of heaters were tested and those of proper heat output 
selected for this work. The electrical input of these elements was 
approximately 640 watts. 

Because Coleman, Fellows and Dixon concluded that heat was 
the most important factor in protein digestion it was thought that 
with this extra high heat output, a series of protein digestion 
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studies similar to the above mentioned studies might present a dif- 
ferent picture of protein digestion. Although this digestion heat is 
greater than is normally used in some laboratories, information is 
given as to what can be expected when the heat source fluctuates 
to the extra high heat range. . 

All determinations made are based on a digestion mixture of 
1 gm. sample, 20 cc. sulphuric acid, sp. gr. 1.84, using 0.5 gm. metal- 
lic mercury for the Kjeldahl method and 0.1 gram metallic copper 
for the Gunning method. Sulphate mixture (60% potassium 
sulphate and 40% sodium sulphate) was added according to the 
amounts specified for the various determinations. 


Effect of Increasing Concentration of Sulphate in the Kjeldahl 
and Gunning Methods 


It was first thought advisable to check the relation of an 
increasing concentration of sulphate between the Kjeldahl and 
Gunning methods, with a 40 min. digestion period. These results 
are shown for wheat and flour in Tables I and II and graphically 
in Figure 1. 

These figures show that ammonia is lost in the Gunning 
method when the initial sulphate concentration is as high as 16 
grams. It is to be noted that the ammonia loss is greater with the 
Gunning method than with the Kjeldahl method, as the sulphate 
concentration increases. The Gunning method with 13 gm. sulphate 
concentration is the procedure used regularly in thousands of 
protein determinations in this laboratory and has proved very sat- 
isfactory except in a few cases when fume suction was too great or 
the heater was abnormally hot. 


Effect of Digestion Time and Extra High Heat 


Sixteen grams of sulphate was not an excessive initial concen- 
tration for the Gunning method as was observed by Harrel and 
Lanning and it was thought that perhaps 40 min. was not the proper 
digestion time in these tests. A series of determinations were 
made, varying the time of digestion with extra high heat. These 
results are tabulated for wheat and flour in Tables IV and V. It is 
to be noted in Table IV that at no period of digestion can reliable 
results be obtained by the Gunning method with the higher concen- 
tration of sulphate; however, in Table V slightly low but fairly 
reliable results were obtained by the Kjeldahl method at this higher 


concentration. 
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Stability of Ammonium Sulphate in High Sulphate Concentrations 
and Extra High Heat 


To obtain further information in regard to the low protein 
results secured in high sulphate concentrations, an artificial condi- 
tion was produced in the digest by digesting 1.25 gm. sugar and 
0.1250 gm. ammonium sulphate at varying initial sulphate concen- 


TABLE I—WHEAT 


Revative Errect or INcreasinc SutpHATE CONCENTRATION wiTtH CopPpER AND Mercury 
anp 40 Minutes Dicestion witn Extra Hicu Hear 























Catalyst Grams Trial Trial Trial Trial Trial Trial Averege 
Sulphate 1 2 3 4 5 6 
Cu 7 13.78 13.74 13.74 13.78 13.78 13.74 13.76 
Hg 7 13.82 13.89 13.85 13.86 13.78 13.86 13.84 
Cu 10 13.84 13.88 13.84 13.80 13.84 13.76 13.83 
Hg 10 13.88 13.88 13.88 13.80 13.84 13.84 13.85 
Cu 13 13.88 13.84 13.80 13.84 13.84 13.80 13.83 
Hg 13 13.84 13.38 13.84 13.84 13.84 13.80 13.84 
Cu 16 13.16 13.08 13.40 13.24 13.32 13.20 13.23 
Hg 16 13.76 13.84 13.76 13.80 13.76 13.80 13.79 
Cu 19 8.60 10.68 13.24 8.16 11.96 11.40 10.67 
Hg 19 13.28 12.60 13.36 12.80 13.56 12.56 13.03 
TABLE II—FLOUR 
Cu 7 12.02 11.98 11.98 11.94 11.98 11.98 11.96 
Hg 7 12.06 12.06 12.02 12.02 12.02 12.06 12.04 
Cu 10 2.08 12.04 12.04 12.04 12.04 12.08 12.05 
Hg 10 12.08 12.04 12.04 12.04 12.08 12.08 12.06 
Cu 13 12.04 12.00 12.08 12.04 12.04 12.04 12.04 
Hg 13 12.04 12.00 12.04 12.08 12.04 12.08 12.05 
Cu 16 11.92 11.48 10.76 10.96 11.96 11.96 11.51 
Hg 16 11.96 12.00 12.04 11.92 12.00 12.08 12.00 
Cu 19 10.76 7.60 7.38 8.44 9.84 10.88 9.15 
Hg 19 11.28 11.40 11.64 11.68 12.04 11.96 11.66 
TABLE III 
0.1250 cm. Ammonium SutpnHare anv 1.2500 Gm. SuGar 

Cu 7 15.00 14.96 14.92 14.96 14.92 14.96 14.95 
Hg 7 15.00 14.96 14.98 14.92 14.88 14.96 14.95 
Cu 10 15.00 14.92 14.96 14.92 15.00 14.96 14.96 
Hg 10 14.92 14.96 14.96 14.92 14.96 15.00 14.95 
Cu 13 14.92 15.00 14.96 15.00 14.92 14.94 14.96 
Hg 13 14.96 14.96 14.96 14.92 15.00 14.94 14.96 
Cu 16 13.96 12.04 14.28 13.80 11.56 14.38 13.34 
Hg 16 14.84 14.30 14.82 14.88 14.80 14.88 14.84 
Cu 19 10.84 8.68 9.20 9.24 8.44 8.84 9.21 
Hg 19 13.40 12.96 13.36 13.64 13.33 13.28 13.33 





trations for 40 min. The results are recorded in Table III, and 
represented graphically in Figure 1. It was found by experiment 
that with this amount of sugar in the digest the nitrogen lost, 
expressed in terms of per cent of protein, was similar to the nitro- 
gen losses in the wheat and flour samples. 
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By increasing the sugar content of this digestion mixture the 
resulting ammonia loss appeared at lower initial sulphate concen- 
tration, and when the sugar content was decreased the loss 
appeared only at higher initial sulphate concentrations, the greater 
loss in all cases being with the Gunning method. This suggests 
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Fig. 1 Relative effect of increasing suiphate concentration with copper (G) and 
mercury (K) and 40 minutes digestion with extra high heat. 


that 1.25 gm. sugar be used in blank protein determinations to 
produce foaming conditions and a resulting concentration similar 
to the actual test. 

When 19 gm. of sulphate was used with this ammonia sugar 
sample in the Kjeldahl method the nitrogen loss occurred within 
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TABLE IV 
GuNnNING Meruop: Errecr or INcreAsep SutpHAteE CONCENTRATION AND TIME 
or Dicesrion with Extra Hicu Hear 

Minutes 13 Grams Sulphate 16 Grams Sulphate 

Digested Trial 1 Trial 2 Average Trial 1 Trial 2 Trial 3 
Wheat 
10 13.32 13.28 13.30 12.72 13.12 11.16 
15 13.52 13.64 13.58 11.92 2.04 12.16 
-0 13.72 13.76 13.74 13.24 11.88 11.26 
25 13.80 13.80 13.80 11.80 13.78 11.92 
30 13.86 13.74 13.80 11.86 11.00 13.00 
35 13.84 13.88 13.86 13.00 13.64 11.80 
40 14.82 13.78 13.80 13.16 13.00 11.48 
45 13.84 13.84 13.84 11.00 13.72 11.36 
50 123.88 13.92 13.90 12.94 12.04 13.36 
Flour 
10 11.72 11.72 11.72 11.32 10.72 11.04 
15 12.00 11.92 11.96 10.44 11.12 10.80 
20 12.04 12.04 12.04 11.24 11.64 11.28 
25 12.04 12.00 12.02 11.68 11.56 9.44 
30 2 04 11.96 12.00 10.22 12.00 12.00 
35 12.08 12.00 12.04 11.68 10.64 10.16 
40 2.00 12.00 12.00 11.20 10.88 10.80 
45 12.02 11.98 12.00 11.92 11.40 9.52 
50 2.08 11.96 12.02 11.52 11.78 11.72 
TABLE V 

Kyetpant Meruop: Errecr or INcreasen SutpHare CONCENTRATION AND TIME 


or Dicesrion wirn Ex 


rRA Hicu Hear 








13 Grams Sulphate 


16 Grams Sulphate 




















Minutes me 
Digestion Trial 1 Trial 2 Average Trial 1 Trial 2 Average 
Wheat 
10 13.64 13.64 13.64 13.76 13.76 13.76 
15 13.84 13.76 13.80 13.76 13.80 13.78 
20 13.92 13.80 13.86 13.72 13.80 13.76 
25 13.82 13.86 13.84 13.80 13.88 13.84 
30 13.88 13.80 13.84 13.92 13.80 13.86 
35 13.80 13.86 13.83 13.82 13.82 13.82 
40 13.80 13.84 13.82 13.84 13.76 13.80 
45 13.88 13.84 13.86 13.76 13.80 13.78 
50 13.88 13.88 13.88 13.82 13.70 13.76 
Flour 

10 12.00 11.96 11.98 11.84 11.92 11.88 
15 12.00 12.00 12.00 11.96 11.96 11.96 
20 12.04 12.04 12.04 12.04 12.00 12.02 
25 12.00 12.00 12.00 11.90 2.00 11.95 
30 12.08 12.00 12.04 11.96 12.00 11.98 
35 12.08 12.00 12.04 12.02 11.92 11.97 
40 11.96 12.04 12.00 12.00 11.92 11.96 
45 12.04 11.96 12.00 11.92 11.92 11.92 
50 12.04 12.00 12.02 11.96 11.92 11.94 
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the first ten minutes of digestion, or the period when the foaming 
was most evident. After this period no further losses were shown. 
Higher initial sulphate concentrations increase the foaming condi- 
tions both in this artificial digestion mixture and in the digesting 
of wheat and flour, the Gunning method showing this condition to 
a much greater extent than the Kjeldahl method. This foaming 
being more pronounced with the Gunning method is no doubt 
responsibie for the lower, more erratic results given by this method 
in the higher sulphate concentrations. 

It is reasonable to suppose that this foam structure in the 
digest does not permit an even heat distribution within the diges- 
tion mixture and a hot spot exists close to the heating element. 
This being true, better results should be obtained with high initial 
sulphate concentrations when the initial digestion heat is lowered 
or when the heat is more evenly distributed over the flask. Substi- 
tuting for a distributed heat source several flasks were agitated 
constantly during the first 10 min. of digestion and the ammonia 
loss failed to appear at the end of 20 min. digestion. For a fixed 
heat source the Kjeldahl method shows less tendency toward foam- 
ing and this appears to be a factor in making it superior in these 
determinations, when excessive initial sulphate concentrations 
were used. 


Comparisons Between Copper and Mercury as Catalysts 

From Tables I and II it was concluded that approximately 13 
gm. of sulphate was the maximum amount that could be safely 
used for the Gunning method and that it was also a very satisfac- 
tory concentration to use for the Kjeldahl method. A series of 
determinations were made, using this amount of sulphate to deter- 
mine the comparative speed of digestion between mercury and 
copper as catalysts. These results are tabulated for flour, wheat, 
bran and shorts in Table VI and represented graphically in Fig. 2. 
From these figures it can be seen that the 35 to 40 min. digestion 
period with the Gunning method can be satisfactorily replaced by 
the Kjeldahl method, using a 20 to 25 min. digestion period. 

These tabulations are in accordance with the observations of 
Harrel and Lanning that the weight of sulphate used in the diges- 
tion is a vital factor. 

Conclusions 
1. With extra high heat for protein digestion, precautions should 
be taken in increasing the initial sulphate concentration of the 
digest, in order to speed up the time of digestion, especially so 
with the Gunning method. 
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TABLE VI 


Revative Sreep or Dicestion Between Copper aNnp Mercury with Extra Hicu Heat 


AND 13 Grams SutpHate Mixture 



































Minutes Copper Catalyst Mercury Catalyst 
Digested Trial 1 Trial 2 Average Trial 1 Trial 2 Average 
Flour 
10 11.72 11.72 11.72 12.00 11.96 11.98 
15 12.00 11.92 11.96 12.00 12.00 12.00 
20 12.04 12.04 12.04 12.04 12.04 12.04 
25 12.04 12.00 12.02 12.00 12.00 12.00 
30 12.04 11.96 12.00 12.08 12.00 12.04 
35 12.08 12.00 12.04 12.08 12.00 12.04 
40 12.00 12.00 12.00 11.96 12.04 12.00 
45 12.02 11.98 12.00 12.04 11.96 12.00 
50 11.96 12.08 12.02 12.04 12.00 12.02 
Wheat 
10 13.32 13.28 13.30 13.64 13.64 13.64 
15 13.52 13.64 13.58 13.84 13.76 13.80 
20 13.72 13.76 13.74 13.92 13.80 13.86 
25 13.80 13.80 13.80 13.82 13.86 13.84 
30 13.86 13.76 13.81 13.88 13.80 13.84 
35 13.84 13.88 13.86 13.80 13.86 13.83 
40 13.82 13.78 13.80 13.80 13.84 13.82 
45 13.84 13.84 13.84 13.88 13.84 13.86 
50 13.88 13.92 13.90 13.88 13.88 13.88 
Bran 
10 16.09 16.09 16.09 16.53 16.79 16.66 
15 16.35 16.47 16.41 16.79 16.84 16.81 
20 16.66 16.79 16.72 16.88 16.84 16.86 
25 16.66 16.82 16.74 16.88 16.90 16.89 
30 16.88 16.88 16.88 16.88 16.88 16.88 
35 16.92 16.86 16.89 16.88 16.92 16.90 
40 16.88 16.84 16.86 16.88 16.88 16.88 
45 16.84 16.88 16.86 16.88 16.88 16.88 
50 16.93 16.84 16.88 16.92 16.80 16.86 
Shorts 
10 17.25 17.39 17.32 17.94 17.89 17.92 
15 17.76 17.81 17.78 18.11 18.16 18.13 
20 17.93 17.93 17.93 18.13 18.16 18.14 
25 18.04 18.04 18.04 18.14 18.16 18.15 
30 18.08 18.14 18.11 18.17 18.14 18.15 
35 18.11 18.14 18.13 13.16 18.17 18.7% 
40 18.11 18.12 18.12 18.16 18.12 18.14, 
45 18.15 18.12 18.13 18.16 18.14 18.15 
50 18.18 18.12 18.15 18.20 18.16 18.18 





With extra high heat the Kjeldahl method gives a more stable 
condition for the ammonia residue than the Gunning method in 
high sulphate concentrations. 

With extra high heat and approximately the highest safe initial 











September, 1930 Cc. F. DAVIS 525 


sulphate concentration protein digestion by the Kjeldahl method 
is 15 to 20 min. faster than by the Gunning method. 
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Fig. 2. Relative speed of digestion with copper (G) and mercury (K) with extra 
high heat and 13 grams sulphate mixture. 
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Notes on Hydrogen Ion Measurements. Note Book No. 3. Leeds & Northrup 
Co., Philadelphia, Pa. 1930. 

The meaning of hydrogen ion concentration and pH value is discussed 
in simple, and readily understood terms. Typical titration curves are presented, 
and buffer action is described. Electrometric hydrogen ion measurements are 
outlined in text discussion illustrated with diagrams. Preparation of hydrogen 
and calomel electrodes are next discussed, followed by a description of the 
potentiometer and the electrometric assembly for hydrogen ion measurements. 
Reference is then made to the quinhydrone electrode, its preparation, cali- 
bration, and limitations in use. Charts for use in converting voltage or E. M. F. 
into terms of pH in using hydrogen, and quinhydrone electrodes are also in- 


cluded. 








